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TWO-DIMENSIONAL SCANNING APPARATUS, AND 
IMAGE DISPLAYING APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a two- 
dimensional scanning apparatus usable in an image 
displaying apparatus of a scanning type capable of 
displaying a two-dimensional image by scanning light 
in a two-dimensional manner. 
Related Background Art 

There have been proposed various two- 
dimensional scanning apparatuses in which a light 
spot is scanned in a two-dimensional manner, and a 
two-dimensional image is formed due to the effect of 
its after image* 

It is generally known that distortion is likely 
to appear in a two-dimensional image formed on a 
surface to be scanned (a scanned surface) when a 
light beam is two-dimensionally deflected and scanned 
The distortion includes trapezoid distortion, 
uniform-velocity scanning distortion, linear, scanning 
distortion, and so-called TV distortion of curvature 
in an image frame formed on the scanned surface. 
Japanese Patent Application Laid-Open No. 
8 ( 1996)'-14 6320 discloses a two-dimensional scanning 
ratus in which a light beam emitted by a light 
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source is two-dimensionally deflected by a deflecting 
unit, and a light spot is two-dimensionally scanned 
through a scanning lens having f-0 characteristics as 
distortion characteristics to form an image. It is 
5 described therein that f-0 characteristics of the 
scanning lens and electrical correction can correct 
the TV distortion that is distortion appearing in an 
image formed when light is two-dimensionally scanned. 
Further, Japanese Patent Application Laid-Open Nos. 

10 Hll (1999) -84291 and 2001-281583 disclose a two- 
dimensional scanning apparatus in which an optical . 
element having a refractive surface and a reflecting 
surface is used, an optical path is folded in the 
optical element, and inner and outer refractive 

15 surfaces or reflecting surfaces are comprised of 

rotational asymmetrical surfaces having no rotational 
symmetrical axes to correct decentering aberrations. 

In those two-dimensional scanning apparatuses, 
velocity uniformity of scanning light on the scanned 

20 surface is preferably corrected over a wide scanning 
angle though the apparatus is constructed using a 
single optical element. Further, the apparatus is 
capable of achieving telecentric characteristic that 
is necessary for highly precise drawing. 

25 In the two-dimensional scanning apparatus 

disclosed in Japanese Patent Application Laid-Open No 
H8 (1996) -146320, however, it is actually . difficult to 
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electrically correct the TV distortion though the 
apparatus aims at correcting the TV distortion by the 
f-0 characteristics of the scanning lens and the 
electrical correction. 

The two-dimensional scanning apparatuses 
proposed in Japanese Patent Application Laid-Open Nos 
Hll (1999) -84291 and 2001-281583 do not aim at 
correcting the TV distortion form the beginning. 
Further, it is difficult to stably correct the TV 
distortion in those two-dimensional scanning 
apparatuses since the optical element is provided 
with a reflecting surface having optical power and 
its surface precision is very severe. Furthermore, 
the thickness of the optical element tends to 
increase since a folded optical path needs to be 
established in the optical element. Moreover, when 
the optical element is formed of plastic material, 
large influences of distribution of inner refractive 
index and double refraction are likely to occur. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 
provide a two-dimensional scanning apparatus capable 
of preferably -correcting distortions including TV 
distortion and trapezoid distortion with ease. 

It is another object of the present invention 
to provide a two-dimensional scanning apparatus 
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capable of correcting TV distortion and trapezoid 
distortion by using a scanning optical system without 
any reflecting surface having optical power. 
According to one aspect of the present 
5 invention, there is provided a two-dimensional 

scanning apparatus which includes a deflecting unit 
for two-dimensionally deflecting a light beam from a 
light source, and a scanning optical system for 
directing the light beam deflected by the deflecting 

10 unit onto a scanned surface. The scanning optical 

system includes an optical surface which is tilted at 
an angle larger than a maximum angle of view relative 
to a central axis of a two-dimensional deflection 
range of the light beam deflected by - the deflecting 

15 unit . 

In the above two-dimensional scanning apparatus, 
an optical element including the optical surface can 
be adapted to be tilted at an angle larger than the 
maximum angle of view relative to the central axis of 
20 the two-dimensional deflection range.. 

Further, the tilt direction of the optical 
surface can be adapted to correspond to a first one- 
. dimensional direction of the two-dimensional 
directions. 

25 The light beam from the light source can be 

adapted to be incident obliquely relative to at least 
one of two deflection axes of the deflecting unit 
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(for example, a vibration axis of a deflecting unit 
with a vibratory reflecting surface) . 

The scanned surface can be adapted to be tilted 
in the same direction as the tilt optical surface 
5 relative to the central axis of the two-dimensional 
deflection range. 

The tilted optical surface can be adapted to be 
shifted relative to the central axis of the two- 
dimensional deflection range. 

10 Further, where a normal at a surface vertex of 

the tilted optical surface is extended toward a side 
of light emergence, the optical surface can be 
adapted to be shifted toward a side of extension of 
the normal relative to the central axis of the two- 

15 dimensional deflection range. 

A surface vertex of the tilted, optical surface 
can be adapted to be located outside the two- 
dimensional deflection range, and only a portion of 
the optical surface on one side of a center (its 

20 surface vertex) of coordinates of the optical surface 
can be adapted to be used to guide the light beam 
deflected by the deflecting units to the scanned 
surface. 

Further, there can be provided a plurality of 
25 the tilted optical surfaces, and tilt amounts of the 
optical surfaces can be made different from each 
other. 
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There can be provided a plurality of the tilted 
optical surfaces (for example, a light incident 
surface and a light emergence surface of the tilted 
optical element) , and a tilt angle of the optical 
5 surface (the light emergence surface) disposed on a 
side of the scanned surface relative to the central 
axis of the two-dimensional deflection range can be 
adapted to be larger than that of the optical surface 
(the light incident surface) disposed on a side of 

10 the deflecting unit. 

There can be provided a plurality of the tilted 
optical surfaces (for example, a light incident 
surface and a light emergence surface of the tilted 
optical element) , and the optical surfaces can be 

15 adapted to be shifted relative to the central axis of 
the two-dimensional deflection range by shift amounts 
different from each other, respectively. 

Further, there can be provided a plurality of 
the tilted optical surfaces (for example, a light 

20 incident surface and a light emergence face of the 

tilted optical element), and a surface vertex of the 
optical surface (the light emergence surface) on a 
side of the scanned surface can be adapted to be more 
away from the central axis of the two-dimensional 

25 deflection range than a normal at a surface vertex of 
the optical surface (the light incident surface) on a 
side of the deflecting unit. 
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Further, the tilted optical surface can be an . 
anamorphic face. The tilted optical surface can be a 
rotational asymmetrical surface. The tilted optical 
element can be a meniscus lens whose concave surface 
5 faces a side of the deflecting unit. The tilted 
optical surface (or the optical element) can be 
adapted to be disposed on a side closest to the 
scanned surface in the scanning optical system. 

Further, the tilted optical element can be a 
10 transmission optical element having no reflecting 

surface. The tilted optical element can be formed of 
plastic material. 

All portions of the tilted optical surface used 
to guide the light beam deflected by the deflecting 
15 unit to the scanned surface can be adapted to be 

tilted at angles larger than a maximum angle of view 
relative to the central axis of the two-dimensional 
deflection range. 

There can be provided a plurality of the tilted 
20 optical elements tilted at angles larger than a 

maximum angle of view relative to the central axis of 
the two-dimensional deflection range. 

An angle of view with respect to the first one- 
dimensional direction can be adapted to be narrower 
25 than an angle of view with respect to a second one- 
dimensional direction perpendicular to the first one- 
dimensional direction.. Alternately, an angle of view 
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with respect to the first one-dimensional direction 
can. be adapted to be wider than an angle of view with 
respect to a second one-dimensional direction 
perpendicular to the first one-dimensional direction. 
5 The light beam incident on the deflecting unit 

can be a convergent light beam. 

Further, distortion on the scanned surface can 
be adapted to be optically corrected by the optical 
system, or to be corrected by a combination of 

10 optical correction by the optical system, and 

electrical correction by a circuit for controlling 
the deflecting unit. 

Furthermore, according to another aspect of the 
present invention, there is provided a scanning-type 

15 image displaying apparatus, such as projectors, and 
electronic finders usable in video cameras, digital 
still cameras and the like, using the above-discussed 
two-dimensional scanning apparatus . 

In this image displaying apparatus, a colour 

20 image can be adapted to be formed on the scanned 
surface by causing a plurality of light beams at 
different wavelengths from a light source to be 
incident on the deflecting unit. 

Furthermore., according to another aspect of the 

25 present invention, there is provided an apparatus 

wherein an optical element, which is provided in an 
optical system, has no reflecting surface having 
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optical power, and is tilted and/or shifted, is used 
to correct TV distortion and trapezoid distortion. 
Here, the tilted and/or shifted optical element is an 
optical element whose optical axis or reference axis 
5 is tilted and/or shifted relative to a central axis 
(light ray) of a two-dimensional deflection range of 
the light beam deflected by the deflecting unit. 

More specifically, the following. configurations 
can be employed, other than- several configurations of 

10 the present invention described later. 

In a two-dimensional scanning apparatus, which, 
for example, includes a deflecting unit for two- 
dimensionally deflecting a light beam from a light 
source, and a scanning optical system for directing 

15 the light beam deflected by the deflecting unit onto 
a scanned surface, and in which the scanning optical 
system includes an optical element which has no 
reflecting surface having optical power, and is 
tilted relative to a central axis of the deflection 

20 range of the light beam deflected by the deflecting 

unit, the light beam from the light source is adapted 
to be obliquely incident on a reflecting surface of 
the deflecting unit, a one-dimensional direction of 
the two-dimensional directions is adapted to 

25 correspond to a direction along a plane of incidence 
of the oblique incidence, and the optical element is 
tilted about an axis perpendicular to the plane of 
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incidence toward a side on which the light beam is 
obliquely incident on the deflecting unit, the 
following structures can be adopted, 

(A) The optical element is a meniscus lens 

5 whose concave surface faces a side of the deflecting 
unit. 

(B) The optical element is an anamorphic lens 
whose optical power in a one-dimensional direction of 
the two-dimensional directions is different from that 

10 in the other one-dimensional direction perpendicular 
to the above one-dimensional direction. 

(C) The optical element is an anamorphic lens 
whose optical power in a one-dimensional direction of 
the two-dimensional - directions is smaller than 

15 (preferably near zero) that in the other one- 
dimensional direction perpendicular to the above one- 
dimensional direction . 

(D) The optical element is an aspherical lens 
having a rotational asymmetrical aspherical surface. 

20 (E) Light incident surface and light emergence 

surface of the optical element are made decentering 
from each other. 

(F) The optical system includes a plurality of 
optical elements, and one optical element is tilted 

25 and shifited toward a minus side and a second optical 
element is shifted toward a plus side where the minus 
side is a side on which the light beam is obliquely 
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incident on the deflecting unit in the one- 
dimensional direction, and the plus side is a side 
opposite to the minus side. 

Further, the above optical element is tilted 
5 toward a minus side, and shifted toward a plus side 
where the minus side is a side on which the light 
beam is obliquely incident on the deflecting unit in 
the one-dimensional direction, and the plus side is a 
side opposite to the minus side, 
10 These and further aspects and features of the 

invention will become apparent from the following 
detailed description of preferred embodiments thereof 
in conjunction with the aiccompanying drawings. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view illustrating a 
two-dimensional scanning apparatus of a first 
embodiment according to the present invention; 

Fig. 2 is a perspective view illustrating a 
20 main portion of the first embodiment; 

Figs. 3A and 3B are plan views illustrating 
main portions of one-dimensional deflectors used in 
the first . embodiment, respectively; 

Fig. 4 is a perpendicular cross-sectional view 
25 /illustrating a first comparative example of a two- 
dimensional scanning apparatus to be compared with 
the present invention; 
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Figs. 5A, 5B, 5C, 5D and 5E are tables showing 
numerical example of the- first comparative example; 

Figs . 6A and 6B are views showing TV distortion 
and trapezoid distortion, respectively; 
5 Fig. 7 is a view illustrating a displayed image 

(grating) in the first comparative example; 

Fig. 8 is a table showing amounts of TV 
distortion and trapezoid distortion in the first 
comparative example; 
10 Fig. 9 is a perpendicular cross-sectional view 

illustrating a second comparative example of a two- 
dimensional scanning apparatus to be compared with 
the present invention; 

Fig. 10 is a view illustrating a displayed 
15 image (grating) in the second comparative example; 

Fig. 11 is a table showing amounts of TV 
distortion and trapezoid distortion in the second 
comparative example; 

Fig. 12 is a perpendicular cross-sectional view 
20 illustrating the two-dimensional scanning apparatus 
of the first embodiment; 

Fig. 13 is an enlarged view illustrating a main, 
portion of the two-dimensional scanning apparatus of 
the first embodiment; 
25 Figs. 14A, 14B, 14C, 14D and 14E are tables 

showing numerical example of the two-dimensional 
scanning apparatus of the first embodiment; 
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Fig. 15 is a view illustrating a displayed 
image (grating) in the first embodiment; 

Fig. 16 is a table showing amounts of TV 
distortion and trapezoid distortion in the first 
5 embodiment; 

Fig. 17 is a perpendicular cross-sectional view 
illustrating a two-dimensional . scanning apparatus of 
a second embodiment according to the present 
invention; 

10 Figs. 18A, 18B and 18C are tables showing 

numerical example of the two-dimensional scanning 

apparatus of the second embodiment; 

Fig. 19 is a view illustrating a displayed 

image (grating) in the second embodiment; 
15 Fig. 2 0 is a table showing amounts of TV 

distortion and trapezoid distortion in the second 

embodiment; 

Fig. 21 is a perpendicular cross-sectional view 
illustrating a two-dimensional scanning apparatus of 
20 a third embodiment according to the present 
invention; 

Figs. 22A, 22B and 22C are tables showing 
numerical example of the two-dimensional scanning 
( apparatus of the third embodiment; 
25 Fig. 23 is a view illustrating a displayed 

image (grating) in the third embodiment; ' 

Fig. 24 is a table showing amounts of TV 
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distortion and trapezoid distortion in the third 
embodiment; 

Fig. 25 is a perpendicular cross-sectional view 
illustrating a two-dimensional scanning apparatus of 
5 - a fourth embodiment according to the present 
invention; 

Figs. 26A, 26B, 26C, 26D and 26E are tables 
showing numerical example of the two-dimensional 
scanning apparatus of the fourth embodiment; 
10 Fig. 27 is a view illustrating a displayed 

image (grating) in the fourth embodiment; 

Fig. 28 is a table showing amounts of TV 
distortion and trapezoid distortion in the fourth 
embodiment; 

15 Fig. 29 is a perpendicular cross-sectional view 

illustrating a two-dimensional scanning apparatus of 
a fifth embodiment according to the present 
invention; 

Figs. 30A, 30B and. 30C. are tables showing 
20 numerical example of the two-dimensional scanning 
apparatus of the fifth embodiment; 

Fig. 31 is a view illustrating a displayed 
image (grating) in the fifth embodiment; 

Fig. 32 is a table showing amounts of TV 
25 distortion and trapezoid distortion in the fifth 
embodiment; 

Fig. 33 is a plan view illustrating a main 
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portion of a two-dimensional deflector to be used in 
a two-dimensional scanning apparatus; 

Figs. 34A and 34B are perspective schematic 
views illustrating projectors provided with the two- 
5 dimensional scanning apparatus of each embodiment of 
the present invention, respectively; 

Fig. 35 is a perspective view illustrating a 
two-dimensional scanning apparatus of a seventh 
embodiment according to the present invention; 
10 Fig. 36 is a plan view illustrating a main 

portion of a two-dimensional deflector (a two- 
dimensional deflecting unit) ; 

Fig. 37 is a perpendicular cross-sectional view 
illustrating the two-dimensional scanning apparatus 
15 of the seventh embodiment; 

Fig. 38 is a perpendicular cross-sectional view 
illustrating a comparative example to be compared 
with the present -invention; 

Fig. 39 is a view illustrating a displayed 
20 image (grating) in the comparative example of Fig. 
38; 

Fig. 40 is a view illustrating a displayed 
image (grating) in the seventh embodiment; 

Fig. 41 is a perpendicular cross-sectional view 
25 illustrating a two-dimensional scanning apparatus of 
an eighth embodiment according to the present 
invention; 
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Fig. 42 is a view illustrating a displayed 
image (grating) in the eighth embodiment; 

Fig, 43 is a perpendicular cross-sectional view 
illustrating a two-dimensional scanning apparatus of 
5 a ninth embodiment according to the present 
invention; 

Fig. 44 is a view illustrating a displayed 
image (grating) in the ninth embodiment; 

Fig. 45 is a perpendicular cross-sectional view 
10 illustrating a two-dimensional scanning apparatus of 
a tenth embodiment according to the present 
invention; 

Fig. 46 is a view illustrating a displayed 
image (grating) in the tenth embodiment; 
15 Fig. 47 is a perpendicular cross-sectional view 

illustrating a two-dimensional scanning apparatus of 
an eleventh embodiment according to the present 
invention; and 

Fig. 48 is a view illustrating a displayed 
20 image (grating) in the eleventh embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First embodiment) 

Fig. 1 illustrates the entire construction of a 
25 two-dimensional scanning apparatus of a first 

embodiment according to the present invention. Fig. 
2 is an enlarged view illustrating this two- 
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dimensional scanning apparatus. In the first 
embodiment and other embodiments described later, 
two-dimensional scanning apparatuses are applied to 
image displaying apparatuses such as projectors, 
5 In those figures, reference numeral 1 

designates a light source such as a laser diode, an 
LED, and a lamp. Radiation of the light source 1 is 
controlled by a driving control (not shown) which is 
operated in response to image signals supplied from 

10 an image information supplying apparatus, such as a 
personal computer, a video player, and a DVD player, 
described later, A divergent light beam emitted from 
the light source 1 is converted into a convergent 
light beam by a condensing lens 2 constructed by 

15 cementing two condensing lenses 2a and 2b, and the 
width of the convergent light beam is restricted by 
an aperture stop 3. 

Reference numeral 4 designates a deflecting 
unit. The deflecting unit 4 in the first embodiment 

20 includes two deflectors (a first deflector 4a, and a 
second deflector 4b) each having a reflecting surface 
capable of vibrating in a one-dimensional direction. 
Two reflecting surfaces of those deflectors 4a and 4b 
can be vibrated about two mutually-perpendicular axes, 

25 respectively. Each of the deflectors 4a and 4b can 
be comprised of an MEMS (Micro-Electro-Mechanical 
Systems) device, for example. In the deflectors 4a 
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and 4b comprised of MEMS devices, as described later, 
their reflecting surfaces can be vibrated using their 
resonant resonance motions, respectively. The MEMS 
device can be fabricated by the MEMS technology using 
5 semiconductor producing techniques, for example, and 
hence its size and weight can be remarkably reduced 
advantageously. 

The light beam from the light source 1 is 
deflected in a horizontal direction by the first 

10 deflector 4a. The light beam deflected by the first 
deflector 4a is deflected in a vertical direction by 
the second deflector 4b. The light beam .emitted from 
the light source 1 is thereby deflected in two- 
dimensional directions (i.e., two-dimensionally ) by 

15 the deflecting unit 4. 

Reference numeral 5 designates a scanning 
optical system having f-0 characteristics. The 
scanning optical system 5 includes two aspherical 
lenses 5a and 5b. The light beam (deflected light 

20 beam) two-dimensionally deflected by the deflecting 
unit 4 is guided onto a scanned surface 6, and is 
imaged as a spot on the scanned surface 6 by the 
scanning optical system 5. The imaged spot is 
horizontally scanned by the first deflector 4a, and 

25 vertically scanned by the second deflector 4b. A 
two-dimensional image is accordingly formed on the 
scanned surface 6 due to the effect of after image. 
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Fig. 3A schematically illustrates the structure 
of the first deflector 4a constructed as the MEMS 
device. In Fig. 3A, a reflecting surface 4c is 
supported by a frame 4e through a pair of torsion 
5 bars 4d, and the reflecting surface 4c is resonantly 
vibrated one-dimensionally about the torsion bars 4d 
(a deflection axis) when a magnet provided on a 
bottom surface of the reflecting surface 4c is 
responded to magnetic force generated by a coil (not 

10 shown) . The posture of the first deflector 4a is set 
such that the light beam incident on and reflected by 
the vibrating reflecting surface 4c can be deflected 
in the horizontal direction (the X-direction) . 

Fig. 3B schematically illustrates the structure 

15 of the second deflector 4b constructed as the MEMS 
device. In Fig. 3B, a reflecting surface 4c' is 
supported by a frame 4e' through a pair of torsion 
bars 4d' , and the reflecting surface 4c' is 
resonantly vibrated one-dimensionally about the 

20 torsion bars 4d' (a deflection axis) when a magnet 
provided on a bottom surface of the reflecting 
surface 4c' is responded to magnetic force generated 
by a coil (not shown) . The posture of the second 
deflector 4b is also set « such that the light beam 

25 incident on and reflected by the vibrating reflecting 
surface 4c' can be deflected in the vertical 
direction (the Y-direction) . 
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Those first and second deflectors 4a and 4b 
constitute the deflecting unit 4 capable of two- 
dimensionally deflecting the light beam from the 
light source 1 about the two deflection axes. In the 
5 first embodiment, the distance between the first 
deflector 4a and the second deflector 4b is set to 
3 . 0 mm. 

Fig. 4 illustrates a perpendicular cross 
section (an XZ cross section) of a first comparative 

10 example of a two-dimensional scanning apparatus to be 
used for comparison with this embodiment. 

In the first comparative example, similar to 
the first embodiment, a divergent light beam emitted 
from a light source 1 is converted into a convergent 

15 light beam by a condensing lens 2, and the width of 
the convergent light beam is restricted by an 
aperture stop 3. The light beam is then deflected 
two-dimensionally in horizontal and vertical 
directions by a deflecting unit 4. The first 

20 comparative example further includes a scanning 

optical system 5' having f-9 characteristics. The 
scanning optical system 5' includes two rotational 
asymmetrical aspherical lenses 5a' and 5b' , each' of. 
which is formed of plastic material and has no 

25 rotational symmetrical axis. The light beam 

(deflected light beam) deflected by the deflecting 
unit 4 is imaged as a spot on a scanned surface 6 by 
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the scanning optical system 5' . When the deflecting 
unit 4 is horizontally and vertically deflected, the 
deflected light beam is scanned on the scanned 
surface 6 through the scanning optical system 5' . 
5 In this specification, a two-dimensional 

deflection range is defined by a range in which the 
light beam is two-dimensionally deflected by the 
deflecting unit 4, and a deflection scanning axis Ldc 
in this embodiment is defined by an axis (a central 

10 axis) located at a center of the two-dimensional 
deflection range in the horizontal and vertical 
directions. Figs. 5A to 5E show a numerical example 
(lens data) of the two-dimensional scanning apparatus 
of the first comparative example. 

15 In the first comparative example illustrated in 

Fig. 4, the deflection scanning axis Ldc is 
coincident with the optical axis of the scanning 
optical system 5' . Two scanning lenses (the first 
scanning lens 5a' and the second scanning lens 5b' ) 

20 constituting the scanning optical system 5' are 

neither tilted nor shifted relative to the deflection 
scanning axis Ldc, and surface vertexes of all 
surfaces are positioned on the optical axis (the 
deflection scanning axis Ldc) . Further, the scanned 

25 surface 9 is not tilted, either, and accordingly the 
deflected light beam traveling through the optical - 
axis of the scanning optical system 5' is 
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perpendicularly incident on the scanned surface 6. 

In an image formed on the scanned surface 6 in 
the first comparative example, the TV distortion 
appears due to the two-dimensional deflection " by the 
deflecting unit 4. 

Calculating methods of TV distortion and 
trapezoid distortion will be described with reference 
to Figs. 6A and 6B, respectively. Fig. 6A is a view 
showing the calculating method of the TV distortion. 
The TV distortion is the amount of aberration 
exhibiting the amount of curvature in a frame of a 
displayed image (an image plane) , and is defined by a 
ratio of the amount of displacement along an axis (a 
horizontal axis, or a vertical axis indicated by an 
alternate short and long dash line) passing the image 
center relative to a width (a width A in the 
horizontal direction, or a width B in the vertical 
direction) of the. image. Accordingly, the TV 
distortion in each side of the image frame is 
represented by the following formula: 

Upper side LI; a/BxlOO % 

Lower side L2; b/B><100 % 

Left side L3; c/A*100 % 

Right side L4; d/AxlOO % 

Further, Fig. 6B is a view showing the 
calculating method of the trapezoid distortion. The 
trapezoid distortion is the amount of aberration 
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exhibiting the amount of slope or tilt in a frame of 
a displayed image, and is defined by a ratio of the 
amount of displacement in each corner of the image 
relative to a width of the image. Accordingly, the 
5 trapezoid distortion in each side of the image frame 
is represented by the following formula: 
Upper side LI; e/2/B*100 % 
Lower side L2; f/2/Bxl00 % 
Left side L3; g/2/A*100 % 
10 Right side L4 ; h/2/Axl00 % 

Fig. 7 illustrates an image (grating) scanned 
and displayed by the two-dimensional scanning 
apparatus of the first comparative example . Fig. 8 
shows amounts of the TV distortion and the trapezoid 
15 distortion in the displayed image. 

All four lines (sides) constituting the image 
frame should be ideally straight, but as illustrated 
in Fig. 7, each of the left side L3 and the right 
side L4 of the frame is in the form of a curve whose 
20 central portion caves toward the image center though 
the upper side LI and the lower side L2 are 
approximately straight. Thus, it can be seen that 
the TV distortion largely occurs. Here, in 
connection with the TV distortion, the upper side is 
25 0.12 %, the lower side is 0.12 %, the left side is 
1.53 %, and the right side is 1.53 % (see Fig. 8) . 
In the first comparative example, no trapezoid 
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distortion appears since the scanning optical system 
5' is symmetrically arranged with respect to the 
deflection scanning axis Ldc . 

As discussed above, in a general optical 
5 arrangement wherein the optical axis of the scanning 
optical system 5' is coincident with the deflection 
scanning axis Ldc, a large TV distortion is liable to 
occur due to the two-dimensional deflection and 
scanning. Accordingly, the image is thereby 
10 distorted, and quality of the displayed image is 
degraded. 

Fig. 9 illustrates a perpendicular cross 
section (an XZ cross section) of a second comparative 
example of a two-dimensional scanning apparatus. In 

15 the second comparative example, a scanning optical 
system 5" is comprised of two scanning lenses (a 
first scanning lens 5a", and a second scanning lens 
5b"), and these first and second scanning lenses 5a"' 
and 5b" are arranged on the optical axis of the 

20 scanning optical system 5". The scanning optical 

system 5" is disposed decentering from the deflection 
scanning axis Ldc in the perpendicular cross section. 

More specifically," orientation and position of 
the deflecting unit 4 are set such that the optical 

25 axis of the scanning optical system 5" can overlap a 
deflected light beam Bdm which forms a maximum angle 
of view (a maximum deflection angle relative to the 
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deflection scanning axis Ldc) at an edge of the 
perpendicular cross section. Further, tilt amounts 
of the first scanning lens 5a" and the second 
scanning lens 5b" are equalized with the maximum 
5 angle of view. 

Thus, since the deflected light beam at the 
edge of the perpendicular cross section passes on the 
optical axis of the first scanning lens 5a" and the 
second scanning lens 5b", portions of the first and 

10 second scanning lenses 5a" and 5b" on one side from 
their optical axis are used in the perpendicular 
cross section. The first scanning lens 5a" and the 
second scanning lens 5b" are thus used asymmetrically 
with respect to the optical axis. 

15 Fig. 10 illustrates an image (grating) scanned 

and displayed by the two-dimensional scanning 
apparatus of the second comparative example. Further, 
Fig. 11 shows amounts of the TV distortion and the 
trapezoid distortion in the displayed image. 

20 In the second comparative example, as 

illustrated in Fig. 10, the TV distortion 
• asymmetrically appears with respect to right and left 
directions (the horizontal direction) . In other 
words, the amount of appearing TV distortion is small 

25 on a left side on which the deflected light beam 

travels near the optical axis of the first and second 
scanning lenses 5a" and 5b", while the amount of 
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appearing TV distortion is large on a right side on 
which the deflected light beam travels away from the 
optical axis of the first and second scanning lenses 
5a" and 5b". 

5 As shown in Fig. 11, in connection with the TV 

distortion, the upper side is 0.90 %, the lower side 
is 0.90 %, the left side is 0.00 %, and the right 
side is 1.70 % (see Fig. 11). Further, in connection 
with the trapezoid distortion, the upper side is 

10 1.02 %, the lower side is 1.02 %, the left side is 

0.00 %, and the right side is 0.00 % (see Fig. 11). - 

Also in the second comparative example, large 
TV distortion and large trapezoid distortion occur. 
Accordingly, quality of the displayed image is 

15 degraded. 

In the first embodiment, therefore, the 
scanning optical system 5 and the scanned surface 6 
are arranged in such an appropriate manner that TV 
distortion and trapezoid distortion can be corrected. 

20 Fig. 12 illustrates a perpendicular cross 

section (the XZ cross section: the same in 
embodiments described later) of the two-dimensional 
scanning apparatus of the first embodiment. Fig. 13 
illustrates an enlarged portion of the two- 

25 dimensional scanning, apparatus of the first 

embodiment. Figs. 14A to 14E show a numerical 
example (lens data) of the* two-dimensional scanning 
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apparatus of the first embodiment. In coordinates 
exhibiting positions of surface vertexes on optical 
surfaces in Figs, 14A to 14E, an origin is a point at 
which the deflected light beam Bdm forming the 
5 maximum angle of view is reflected and deflected by 
the second deflector 4b in Fig. 13, a Z-axis extends 
in a direction in which the deflected light beam Bdm 
forming the maximum angle of view travels , an X-axis 
extends in a direction perpendicular to the Z-axis (a 

10 direction extending rightward from the deflection 

scanning axis Ldc in Fig. 13 is positive), and a Y- 
axis extends in a direction perpendicular to the Z- 
axis and the X-axis. A surface separation or inter- 
surface distance is defined by a distance between 

15 coordinate locations of respective surface vertexes 
measured along the Z-axis. 

Arrangement of the scanning optical system 5 
and the scanned surface 6 in the first embodiment 
will be described with reference to those figures. 

20 In the first embodiment, two scanning lenses 

constitute the scanning optical system 5, and these 
lenses are a first scanning lens 5a and a second 
scanning lens 5b disposed in this order from the side 
of the deflecting unit 4, respectively. 

25- In the first embodiment, the maximum angle of 

view a in the horizontal direction is ±20.3 degrees 
about a center of the deflection scanning axis Ldc, 
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and the maximum angle of view in the vertical 
direction is ±15.2 degrees about a center of the 
deflection scanning axis Ldc. 

The scanning optical system 5 is disposed 
5 decentering from the deflection scanning axis Ldc 
such that a central light ray LBdm of the deflected 
light beam Bdm forming the maximum angle of view a in 
the horizontal direction (the X-direction) can pass 
on the optical axis of the scanning optical system 5. 

10 The first scanning lens 5a disposed on the side 

of the deflecting unit 4 is arranged such that 
surface vertexes of its incident surface and its 
light emergence surface can be located on the. optical 
axis (the central light ray LBdm of the deflected 

15 light beam Bdm) of the scanning optical system 5. 

On the other hand, the second scanning lens 5b 
disposed on the side of the scanned surface 6 is 
tilted and shifted in the horizontal direction 
relative to the optical axis of the scanning optical 

20 system 5. In the first embodiment, the second 

scanning lens 5b is tilted such that an angle p' 
between an optical axis L5b (a normal at a surface 
vertex Asi of the incident surface, and a normal at a 
surface vertex Ase of the light emergence surface: a 

25 normal to surface) of the second scanning lens 5b and 
the deflected light beam Bdm (the central light ray 
LBdm) can be equal to 15.6 degrees. Accordingly, the 
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second scanning lens 5b is tilted such that its 
optical axis L5b can form an angle p of 35.9 degrees 
relative to the deflection scanning axis Ldc . This 
angle (3 is larger than the maximum angle of view a of 
5 20,3 degrees by 15.6 degrees. 

Further, the second scanning lens 5b is 
disposed on the deflected light beam Bdm forming the 
maximum angle of view a, and is shifted such that the 
surface vertex Asi of its incident, surface (i.e., the 

10 optical axis L5b) is 10.5 mm away from the deflection 
scanning axis Ldc toward a side on which the optical 
axis L5b of the second scanning lens 5b (the normal 
to the incident surface) extends tilting relative to 
the deflection scanning axis Ldc when the optical 

15 axis L5b is extended toward the light emergence side, 
i.e., toward a right side in Figs. 12 and 13. 

Therefore, the surface vertex on the incident 
surface of the second scanning lens 5b is disposed on 
the deflected light beam forming the maximum angle of 

20 view, and the surface vertex on the light emergence 
surface of the second scanning lens 5b is disposed 
outside a deflection range (a two-dimensional 
deflection range) of the deflected light beam. Hence, 
the second scanning lens 5b is used only at its 

25 portions of the incident surface and the light 
emergence surface on one side of their surface 
vertexes. 
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• Further, the scanned surface 6 (a normal 
thereto) is tilted by y' of 10.1 degrees relative to 
the deflected light beam Bdm forming the maximum 
angle of view a in a counterclockwise direction of 
Fig. 12 in the perpendicular cross section. Relative 
to the deflection scanning axis Ldc, the scanned 
surface 6 (the normal thereto) is tilted by y of 30.4 
degrees. Here, the scanned surface 6 is tilted 
relative to the deflection scanning axis Ldc in the 
same direction as the second scanning lens 5b. The 
tilt angle of the scanned surface 6 is also larger 
than the maximum angle of view a. 

The thus-constructed two scanning lenses 5a and 
5b of the scanning optical system 5 both have 
rotational asymmetrical aspherical surfaces without 
any rotational symmetrical axes, respectively. The 
first scanning' lens 5a is a meniscus lens having 
negative optical power (a reciprocal of a focal 
length: refractive power), and having a concave 
surface facing the side of the deflecting unit 4. 
Further, the second scanning lens 5b is a meniscus 
lens having a concave surface facing the side of the 
deflecting unit 4. 

s 

The rotational asymmetrical aspherical surface 
in the first embodiment has a profile given by 
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where the amount of displacement Z in a traveling 
direction (the Z-direction) of the deflected light 
beam Bdm is given at each position in the horizontal 
5 direction (the X-direction) and the vertical 
direction (the Y-direction) , Z is the sag of a 
surface parallel to the Z-axis, c is the curvature of 
the vertex, k is the conic coefficient, and Cj is the 
coefficient of x m y n . 

10 Fig. 15 illustrates an image (grating) scanned 

and displayed by the two-dimensional scanning 
apparatus of the first embodiment. Fig. 16 shows 
amounts of the TV distortion and the trapezoid 
distortion in the displayed image. 

15 With respect to the TV distortion. of the image 

illustrated in Fig. 15, the upper side LI of the 
frame is 0-15 %, the lower side L2 is 0.15 %, the 
left side L3 is 0.27 %, and the right side L4 is 
0.04 %. The upper side LI and the lower side L2 

20. curved in the comparative example are corrected to 
almost straight lines, respectively. Further, with 
respect to the trapezoid distortion, both the upper 
side LI and the lower side L2 are 0.05 %, and both 
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the left side L3 and the right side L4 are 0 %. 
Lines sloping >in the comparative example are 
corrected to vertical lines. 

As discussed above, in the first embodiment, 
5 the optical axis of the scanning optical system 5 is 
made decentering from the deflection scanning axis 
Ldc, the scanning lenses 5a and 5b of optical 
elements constituting the scanning optical system are 
appropriately tilted and shifted, and the scanned 

10 surface 6 is tilted, thereby preferably correcting 
the TV diction and the trapezoid distortion in the 
displayed image. 

More specifically, at least one optical element 
(the second scanning lens 5b) of the optical elements 

15 constituting the scanning optical system 5 is tilted 
relative to the deflection scanning axis Ldc at an 
angle p larger than the maximum angle of view a, and 
is shifted toward the side on which the normal at the 
surface vertex of the incident surface of that 

20 optical element extends tilting relative to the 
deflection scanning axis Ldc when the normal is 
extended toward the light emergence side. Further, 
the scanned surface 6 is tilted relative to the 
deflection scanning axis Ldc in the same direction as 

25 .the above-discussed optical element. 

The correcting mechanism of the TV distortion 
is as follows. When the scanning optical system 5 
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(the first and second scanning lenses 5a and 5b) is 
made decentering from the deflection scanning axis 
Ldc, TV distortion asymmetrically appears in the 
displayed image. The TV distortion is small in the 
5 vicinity of the optical axis of the scanning optical 
system 5, and increases as the distance of its 
location from the optical axis of the scanning 
optical system 5 increases. Here, TV distortion at a 
position remote from the optical axis of the scanning 

10 optical system 5 can be corrected by tilting the 

second scanning lens 5b with little influence on a 
portion close to the optical axis of the scanning 
optical system 5 

In other words, the TV distortion can be 

15 preferably (or to a degree with almost no problem) 
corrected by the decentering arrangement of the 
scanning optical system 5 from the deflection 
scanning axis Ldc and the tilt of the optical element 
(the second scanning lens 5b) constituting the 

20 scanning optical system. 5 relative to the optical 
axis of the scanning optical system 5. 

Paraphrasing the above discussion, TV 
distortion is caused to asymmetrically appear by 
shifting the scanning optical system 5 from the 

25 deflection scanning axis Ldc, and the asymmetrical TV 
distortion can be corrected by tilting the optical 
element (the second scanning lens 5b) constituting 
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the scanning optical system 5. Here, correction of 
the TV distortion can be more effectively made when 
the optical element (the second scanning lens 5b) is 
tilted at an angle (an angle larger than the maximum 
5 angle of view a) which is larger than any angle that 
the deflected light beam forms relative to the 
deflection scanning axis Ldc . 

The correcting mechanism of trapezoid 
distortion is as follows. When the scanning optical 

10 system 5 (the first and second scanning lenses 5a and 
5b) is made decentering from the deflection scanning 
axis Ldc, trapezoid distortion appears. Conversely, 
it is possible to create trapezoid distortion in a 
reverse direction by tilting the scanned surface 6. 

15 As the result, those trapezoid distortions can be 
offset, and the trapezoid distortion can hence be 
corrected. 

According to the above-discussed first 
embodiment, TV distortion and trapezoid distortion 

20 appearing on the image displayed on the scanned 
surface 6 can be preferably corrected, and 
accordingly a two-dimensional scanning apparatus 
capable of displaying a high-quality image can be 
achieved. 

25 When a two-dimensional scanning apparatus of 

the first embodiment is applied to a projector, it is 
possible to obliquely project an image on a 
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projection surface, such as a screen, by tilting the 
scanned surface 6. Therefore, when the image is 
observed from a position behind the projector or the 
like, the image can be prevented from falling in a 
5 shadow of the projector. Further, flexibility in 
arrangement of the projector can be increased. 

Further, in the first embodiment, the tilted 
second scanning lens (a transmission optical element 
without any reflecting surfaces) 5b has a meniscus 

10 shape whose concave surface faces' the side of the 

deflecting unit 4, and accordingly it is possible to 
reduce adverse influence of the tilt of the second 
scanning lens 5b on the curvature of field while 
maintaining effective corrections of the TV 

15 distortion and the trapezoid distortion due to the 

tilt of the second scanning lens 5b. In other words, 
corrections of the TV distortion and the trapezoid 
distortion can be made independently from the 
curvature of field, and hence the TV distortion and 

20 the trapezoid distortion can be corrected with ease. 
Further, optical surfaces of two optical 
elements constituting the scanning optical system 5 
in the first embodiment are all composed of 
transmission refractive surfaces, respectively. 

25 Precision required to the refractive surface only 
needs to be 1/4 as small as that required to the 
reflecting surface, so that the optical element cari 



be readily fabricated. Further, when the reflecting 
surface is used, there is a limitation to arrangement 
of an optical path after tilted (folded) by the 
reflecting surface. In contrast thereto, in the case 
of the transmission refractive surface that undergoes 
no such disadvantage, flexibility in such arrangement 
is large. 

Further, . since a transmission factor for light 
rays for displaying the image is larger than a 
reflection factor therefor, the amount of light loss 
is outstandingly small in the case of the 
transmission refractive surface. Particularly, this 
advantage is remarkable when the number of optical 
surfaces is large. Additionally, the transmission 
factor can be drastically enhanced by coating the 
transmission refractive surface with an 
ant ire f lective film. 

Further, in the event of an optical element 
having a refractive surface and a reflecting surface 
in a mixed manner, it is necessary to secure the 
optical path within the optical element. The size of 
the optical element itself accordingly increases. 
However, when an optical element with only optical 
surfaces of refractive surfaces is used, the optical 
element can be thinned and the size of a two- 
dimensional scanning apparatus can be advantageously 
decreased since there is no necessity to secure the 
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optical path within the optical element. 

Accordingly, when an optical element without 
any reflecting surfaces for directing light to the 
scanned surface is used in the scanning optical 
5 system, the apparatus can enjoy various advantageous 
effects in contrast to the case using an optical 
element with the reflecting surface, as described in 
the above-mentioned Japanese Patent Application Laid- 
Open Nos. Hll ( 1999) -84291 and 2001-281583. In the 

10 present invention, it is also possible to use an 

optical element which uses a diffraction surface for 
transmission-diffracting light in place of, or in 
combination with the refractive surface to correct 
distortions of the image formed on the scanned 

15 surface . 

Furthermore, in the first embodiment, two 
optical elements constituting the scanning optical 
system 5 are formed of plastic material. The plastic 
lens is advantageous in that it can be fabricated by 

20 injection molding at relatively low costs, and that 
its weight is lighter that that of a glass lens. 
Accordingly, an image displaying apparatus including 
such a two-dimensional scanning apparatus can be 
reduced in weight, and can be advantageously made 

25 portable. In the event that a large-sized optical 

element having a refractive surface and a reflecting 
surface in a mixed manner is formed by plastic. 
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molding, there is a fear that influences of 
refractive-index distribution and double refraction 
largely appear. However, when the optical element is 
reduced in size (or thinned) as in the first 
5 embodiment, those influences can be reduced, 
(Second embodiment ) 

Fig. 17 illustrates a perpendicular cross 
section of a two-dimensional scanning apparatus of a 
second embodiment according to the present invention. 

10 Figs. 18A to 18C show a numerical example (lens data) 
of this two-dimensional scanning apparatus. The 
second embodiment will be described with reference to 
those figures. In the second embodiment, constituent 
elements common to the first embodiment are 

15 designated by the same reference numerals as those of 
the first embodiment. Description of those elements 
is omitted. 

The second embodiment is different from the 
first embodiment in that a light beam incident on the 

20 deflecting unit 4 is made a parallel beam, and that a 
scanning optical system 15 has a different 
construction. 

Similar to the first embodiment, the scanning 
optical system 15 in the second embodiment is 

25 . disposed decentering from the deflection scanning 

axis'Ldc in the horizontal direction, and is arranged 
such that a central light ray of the deflected light 
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beam Bdm forming the maximum angle of view a in the 
horizontal direction can travel along the optical 
axis of the scanning optical system 15. 

The scanning optical system 15 is comprised of 
two scanning lenses (a first scanning lens 15a, and a 
second scanning lens 15b) . The first scanning lens 
15a disposed on the side of the deflecting unit 4 is 
neither tilted nor shifted, and is arranged such that 
surface vertexes of its incident surface and its 
light emergence surface can be located on the optical 
axis of the 'scanning optical system 15 (i.e., the 
optical axis of the first scanning lens 15a can be 
located on the optical axis of the scanning optical 
system 15) . 

On the other hand, the second scanning lens 15b 
disposed on the side of the scanned surface 6 is 
tilted such that a normal at the surface vertex of 
its incident surface can form an angle P' of 25.0 
degrees in a counterclockwise direction of Fig. 17 
relative to the deflected light beam Bdm forming the 
maximum angle of view a in the horizontal direction, 
and is tilted such that the above normal to the 
incident surface can form an angle p of 45.3 degrees 
relative to the deflection scanning axis Ldc . Also ' 
in the second embodiment, the second scanning lens 
15b is tilted relative to the deflection scanning 
axis Ldc at an angle p larger than the maximum angle 
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of view a of 20.3 degrees. 

Further, the second scanning lens 15b is 
shifted relative to the deflected light beam Bdm 
forming the maximum angle of view a in a direction 
5 away from the deflection scanning axis Ldc, namely, 
is shifted such that the surface vertex of its 
incident surface is 20.0 mm away relative to the 
deflected light beam Bdm toward the side on which the 
normal at the surface vertex on the incident surface 

10 of the second scanning lens 15b extends tilting 

relative to the deflection scanning axis Ldc when 
this normal to its incident surface is extended 
toward the iight emergence side, i.e., toward a right 
side in Fig. 17. 

15 Therefore, the second scanning lens 15b is 

arranged such that surface vertexes on the incident 
surface and the light emergence surface thereof can 
be disposed outside the deflection range (the two- 
dimensional deflection range) of the deflected light 

20 beam. Hence, the second scanning lens 15b is used 

only at its portions of the incident surface and the 
light emergence surface on one side of their surface 
vertexes. 

Further, the scanned surface 6 is also tilted 
25 at an angle of y' of 6.8 degrees relative to the 

deflected light beam Bdm forming the maximum angle of 
view a in a counterclockwise direction of Fig. 17' in 
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the perpendicular cross section. Relative to the 
deflection scanning axis Ldc, the scanned surface 6 
is hence tilted at an angle of y of 27.1 degrees, 
which is larger than the maximum angle of view a, in 
5 the same direction as the second scanning lens 15b. 

In the thus-constructed scanning optical system 
15, the first scanning lens 15a is a spherical lens. 
Further, the second scanning lens 15b is an 
anamorphic lens whose incident surface and light 

10 emergence surface are comprised of anamorphic 

surfaces, respectively. Each anamorphic surface is a 
rotational asymmetrical aspherical surface. which has 
aspherical amounts different in the horizontal and 
vertical cross sections. 

15 Further, the light emergence surface of the 

second scanning lens 15b is tilted relative to the 
normal at the surface vertex of its incident surface 
such that an angle between the normal at the surface 
vertex of its light emergence surface and the 

20 .deflection scanning axis Ldc can be 8.1 degrees 
larger than an angle between the normal at the 
surface vertex of its incident surface and the 
deflection scanning axis Ldc. Further, the surface 
vertex on the light emergence surface of the second 

25 . scanning lens- 15b is 49.4 mm shifted relative to the 
surface vertex of its incident surface in a direction 
away from the deflection scanning axis Ldc. 



- 42 - 



Fig. 19 illustrates an image (grating) scanned 
and displayed by the two-dimensional scanning 
apparatus of the second embodiment. Fig. 2 0 shows 
amounts of the TV distortion and the trapezoid 
5 distortion in the displayed image. 

With respect to the TV distortion of the image 
illustrated in Fig. 19, the upper side LI of the 
image frame is 0.16 %, the lower side L2 is 0.16 %, 
the left side L3 is 0.19 %, and the right side L4 is 

10 0.11 %. The TV distortion is thus preferably 

corrected. Further, with respect to the trapezoid 
distortion, both the upper side LI and the lower side 
L2 of the image frame are 0.11 %, and both the left 
side L3 and the right side L4 are 0.0 %. Thus, the 

15 trapezoid distortion is also preferably corrected. 

As discussed above, the second scanning lens 
15b is tilted at an angle larger than the maximum 
angle of view a relative to the deflection scanning 
axis Ldc, and at the same time the tilt amount and 

20 the shift amount of the incident surface of the 
second scanning lens 15b are made different from 
those of its light emergence surface, respectively. 
Thereby, correction of the TV distortion can be more, 
effectively. made . 

25 The present invention aims at providing a two- 

dimensional scanning apparatus capable of displaying 
a high-quality image at all times. The TV distortion 
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relates to the amount of aberration showing the 
linearity of the frame of the displayed image. The 
linearity at a location inside the frame of the 
displayed image needs to be preferably corrected to 
5 display a high-quality image. However, the linearity 
generally varies depending on location and direction 
of the image, so that the linearity within the frame 
cannot be always corrected completely even if the 
scanning optical system is tilted and shifted. 

10 In the second embodiment, therefore, the 

incident surface and the light emergence surface of 
the second scanning lens 15b are comprised of 
rotational asymmetrical aspherical surfaces, 
respectively. When the lens surface is made 

15 aspherical, the linearity at each location within the 
image can be achieved. Further, when the lens 
surface is made rotational asymmetrical and 
aspherical, the linearity in each direction within 
the image can be achieved. Thus, when the tilted 

20 second scanning lens 15b is constructed as a 

rotational asymmetrical lens, it is possible to 
correct linearities at each location and in each 
direction in the image that cannot be completely 
corrected by . the tilt of the second scanning lens 15b. 

25 Further,- the TV distortion can also be effectively 
corrected. 

Further, the second scanning lens 15b is 
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constructed as an anamorphic lens whose incident and 
light emergence surfaces are anamorphic surfaces with 
optical powers different in the horizontal and 
vertical directions, respectively. It is accordingly 
5 possible to correct astigmatism that is likely to 
occur when the second scanning lens 15b is tilted. 

In the second embodiment, aspherical 
coefficients up to (m+n)^4 are used in connection 
with the rotational asymmetrical aspherical surface 

10 of the tilted or shifted second scanning lens 15b, 
but the construction is not limited thereto. When 
aspherical coefficients in higher orders of (m+n)>6 
are used, the TV distortion and the trapezoid 
distortion can be more effectively corrected. 

15 Furthermore, a compact two-dimensional scanning 

apparatus can be achieved when portions of the tilted 
and shifted lenses other than their use portions are 
cut away as in the second embodiment. 
(Third embodiment) 

20 Fig. 21 illustrates a perpendicular cross 

section of a two-dimensional scanning apparatus of a 
third embodiment according to the present invention. 
Figs. 22A to 22C show a numerical example (lens data) 
of this two-dimensional scanning apparatus. The 

25 third embodiment will be described with reference to 
those figures. In the third embodiment, constituent 
elements common to the other embodiments are 
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designated by the same reference numerals as those of 
these embodiments. Description of those elements is 
omitted. 

The third embodiment is different from the 
5 second embodiment in that two optical elements 25a 

and 25b constituting a scanning optical system 25 are 
shifted relative to the deflected light beam Bdm 
forming the maximum angle of view a in a direction 
away from the deflection scanning axis Ldc, and all 
10 surface vertexes of those optical elements are 

disposed outside the two-dimensional deflection range 
in which the deflected light beam is deflected. 
Further, shift amounts of respective optical surfaces 
of those optical elements are different from each 
15 other in the third embodiment. 

Similar to the second embodiment, the scanning 
optical system 25 in the third embodiment is 
comprised of two glass lenses 25a and 25b which are 
first and second scanning lenses 25a and 25b disposed 
20 in this order from the side of the deflecting unit 4, 
respectively. 

The first scanning lens 25a is a meniscus lens 
having a concave surface facing the side of the 
deflecting unit 4. Its incident and light emergence 
,25 surfaces both are spherical. In the third embodiment, 
the surface vertex on the incident surface of the 
first scanning lens. 25a is shifted 32.1 mm from the 
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deflected light beam Bdm forming the maximum angle of 
view a in a direction away from the deflection 
scanning axis Ldc. Further, the surface vertex on . 
the light emergence surface of the first scanning 
5 lens 25a is shifted 26.0 mm relative to its surface 
vertex on the incident surface in a direction 
approaching the deflected light beam Bdm forming the 
maximum angle of view a. 

The second scanning lens 25b is a meniscus lens 

10 having a concave surface facing the side of the 

deflecting unit 4. Its incident and light emergence 
surfaces are comprised of rotational asymmetrical 
aspherical surfaces having no rotational symmetrical 
axis, respectively. The second scanning lens 25b is 

15 tilted such that a normal at the surface vertex on 
its incident surface can form an angle of (3' of 30 
degrees relative to the deflected light beam Bdm 
forming the maximum angle of view a, and can form an 
angle of p of 50.3 degrees relative to the deflection 

20 scanning axis Ldc. Also in the third embodiment, 
similar to the first and second embodiments, the 
maximum angle of view a in the horizontal direction 
is 20.3 degrees, and the amount of tilt ((3)* of the 
second scanning lens 25b relative to the deflection 

25 scanning axis Ldc is larger than the maximum angle of 
view a. 

Further, the second scanning lens 25b is 
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shifted relative to the deflected light beam Bdm 
forming the maximum angle of view a in a direction 
away from the deflection scanning axis Ldc (a right 
side in Fig. 21), namely, is shifted such that the 
5 surface vertex of its incident surface can be 13.4 mm 
away from the deflected light beam Bdm toward the 
side on which the normal at the surface vertex on the 
incident surface of the second scanning lens 25b 
extends tilting relative to the deflection scanning 

10 axis Ldc when this normal to its incident surface is 
extended toward the light emergence side. Further, 
the surface vertex on the light emergence surface of 
the second scanning lens 25b is shifted 135.7 mm 
relative to the surface vertex on its incident 

15 surface in a direction away from the deflection 
scanning axis Ldc. 

Therefore, all the surface vertexes on the 
optical surfaces (the incident surfaces and the light 
emergence surfaces) of the optical elements (the 

20 scanning lenses 25a and 25b) in the scanning optical 
system 25 are disposed outside the two-dimensional 
deflection range of the deflected light beam. Hence, 
only portions of all the optical elements on one side 
of their optical axes are used. In the thus- 

25 constructed construction, the TV distortion can be 
more preferably corrected. 

Here, normals to incident and light emergence 
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surfaces of the second scanning lens 25b in all light 
passing regions of the deflected light beam (portions 
to be used for guiding the deflected light beam) are 
tilted relative to the deflection scanning axis Ldc 
5 at angles larger than the maximum angle of view a. 
Thereby, the TV distortion can be more effectively 
corrected . 

Further, the scanned surface 6 is also tilted • 
at an angle of y' of 5.0 degrees relative to the 

10 deflected light beam Bdm forming the maximum angle of 
view a in a counterclockwise direction in Fig. 21 in 
the perpendicular cross section. In other words, the 
scanned surface 6 is tilted relative to the 
deflection scanning axis Ldc at an angle of y of 25.3 

15 degrees larger than the maximum angle of view a in 
the same direction as the second scanning lens 25b. 

Fig. 23 illustrates an image (grating) scanned 
and displayed by the two-dimensional scanning 
apparatus of the third embodiment. Fig. 24 shows 

20 amounts of the TV distortion and the trapezoid 
distortion in the displayed image. 

With respect to the TV distortion, the upper 
side LI of the image frame is 0.04 %, the lower side 
L2 is .0.04%, the left side L3 is 0.06 %, and the 

25 right side L4 is 0.11 %. The TV distortion is thus 
very preferably corrected. Further, with respect to 
the trapezoid distortion, both the upper side LI and 
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the lower side L2 of the image frame are 0.01 %, and 
both the left side L3 and the right side L4 are 
0.00 %. Thus, the trapezoid distortion is nearly 
eliminated . 

5 As discussed above, surface vertexes of at 

least two optical elements in. the scanning optical 
system are disposed outside the two-dimensional 
deflection range of the deflected light beam, thereby 
increasing effects of correcting the TV distortion 

10 and the trapezoid distortion. Accordingly, it is 
possible to provide a two-dimensional scanning 
apparatus capable of displaying a two-dimensional 
image with a remarkably high quality. 

The first scanning lens 25a is comprised of a 

15 spherical lens in the third embodiment, but it can be 
an anamorphic lens, or a rotational asymmetrical 
aspherical lens. In this case, effect of correcting 
the TV distortion can be further increased. Further, 
when a plurality of light sources for emitting light 

20 at different wavelengths (different colour light) are 
used as the light source 1, it is possible to achieve 
achromatic characteristics by using a lens provided 
with diffraction gratings. 
( Fourth embodiment ) 

25 Fig. 25 illustrates a perpendicular cross 

section of a two-dimensional scanning apparatus of a 
fourth embodiment according to the present invention. 
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Figs. 26A to 26E show a numerical example (lens data) 
of this two-dimensional scanning apparatus. The 
fourth embodiment will be described with reference to 
those figures. In the fourth embodiment, constituent 
5 elements common to the other embodiments are 

designated by the same reference numerals as those of 
these embodiment's. Description of those elements is 
omitted. 

The fourth embodiment is different from the 

10 third embodiment in that two optical elements 35a and 
35b constituting a scanning optical system 35 are 
tilted at angles larger than the maximum angle of 
view a relative to the deflection scanning axis Ldc, 
respectively. Further, tilt amounts of respective 

15 lens surfaces of those optical elements are different 
from each other in the fourth embodiment. 

Similar to the second embodiment, the scanning 
optical system 35 in the fourth embodiment is 
comprised of two glass lenses 35a and 35b which are 

20 first and second scanning lenses 35a and 35b disposed 
in this order from the side of the deflecting unit 4, 
respectively. 

The first scanning lens 35a is a meniscus lens 
having a concave surface facing the. side of the 

25 deflecting unit 4. Its incident and light emergence 
surfaces both are comprised of rotational 
asymmetrical aspherical surfaces having no rotational 
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symmetrical axis, respectively. In the fourth 
embodiment, the first scanning lens 35a is shifted 
such that the surface vertex on its incident surface 
can be 27,2 mm away from the deflected light beam Bdm 
5 forming the maximum angle of view a in a direction 
away from the deflection scanning axis Ldc (toward 
the side on which the normal at the surface vertex on 
its incident surface extends tilting relative to the 
deflection scanning axis Ldc when this normal to the 

10 incident surface is extended toward the light 

emergence side) . Further, the surface vertex on the 
light emergence surface of the "first scanning lens 
35a is shifted 34.2 mm relative to the surface vertex 
on its incident surface in a direction approaching 

15 the deflected light beam Bdm forming the maximum 
angle of view a. 

Further, the first scanning lens 35a is tilted 
such that the normal at the surface vertex on its 
incident surface can form an angle of (31 ' of 7.5 

20 degrees relative to the deflected light beam Bdm 

forming the maximum angle of view a, and can form an 
angle of pi of 27.8 degrees relative to the 
deflection scanning axis Ldc. Further, the light 
emergence surface of the first scanning lens 35a is 

25 tilted such that the normal thereto can form an angle 
of -9.3 degrees relative to the normal to the 
incident surface of the first scanning lens 35a. 
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The second scanning lens 35b is a meniscus lens 
having a concave surface facing the side of the 
deflecting unit 4 . Its incident and light emergence 
surfaces are comprised of rotational asymmetrical 
5 aspherical surfaces having no rotational symmetrical 
axis, respectively. The second scanning lens 35b is 
tilted such that the normal at the surface vertex on 
its incident surface can form an angle of p2' of 28.2 
degrees relative to the deflected light beam Bdm 

10 forming the maximum angle of view cc, and can form an 
angle of (32 of 48.5 degrees relative to the 
deflection scanning axis Ldc. Also in the fourth 
embodiment, similar to the first to third embodiments, 
the maximum angle of view a in the horizontal 

15 direction is 20.3 degrees, and the amounts of tilt 
((31 and (32) of the first and second scanning lenses 
35a and 35b relative to the deflection scanning axis 
Ldc are larger than the maximum angle of view oc. 
Further, the second scanning lens 35b is 

20 shifted such that the surface vertex of its incident 
surface can be 11.3 mm away from the deflected light 
beam Bdm forming the maximum angle of view a in a 
direction away from the deflection scanning axis Ldc 
(toward the side on which the normal at the surface 

25 vertex on the incident surface of the second scanning 
lens 35b extends tilting relative to. the deflection 
scanning axis Ldc when this normal to the incident 



- 53 - / 



surface is extended toward the light emergence side) . 
Further, the surface vertex on the light emergence 
surface of the second scanning lens 35b is shifted by 
108.4 mm relative to the surface vertex on its 
5 incident surface in a direction away from the 
deflection scanning axis Ldc . 

Thus, the two optical elements 35a and 35b in 
the scanning optical system 35 are tilted relative to 
the deflection scanning axis Ldc at angles larger 

10 than the maximum angle of view a, respectively. 

Further, the shift amounts and the tilt amounts of 
the optical surfaces of the respective optical 
elements are made different from each other, 
respectively. Particularly, with respect to the 

15 light emergence surface of the second scanning lens 
35b tilted relative to the deflection scanning axis 
Ldc at an angle larger than the maximum angle of view 
a, its tilt amount is made larger than the tilt 
amount of its incident surface, and its shift amount 

20 is also made larger than the shift amount of its 
incident surface. 

Each of those structures has the effect of 
preferably correcting the TV distortion, and the TV 
distortion can be outstandingly preferably corrected 

25 by combining these structures into a united 
construction. 

Fig. 27 illustrates an image (grating) scanned 
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and displayed by the two-dimensional scanning 
apparatus of the fourth embodiment. Fig. 28 shows 
amounts of the TV distortion and the trapezoid 
distortion in the displayed image. 
5 With respect to the TV distortion, the upper 

side LI of the image frame is 0.06 %, the lower side 
L2 is 0.06 %, the left side L3 is 0.07 %, and the 
right side L4 is 0.06 %. The TV distortion is thus 
very preferably corrected. Further, with respect to 
10 the trapezoid distortion, both the upper side LI and 
the lower side L2 of the image frame are 0.01 %, and 
both the left side L3 and the right side L4 are 
0.00 %. Thus, the trapezoid distortion is nearly 
eliminated. 

15 As discussed above, at least two optical 

elements in the scanning optical system are tilted 
relative to the deflection scanning axis at angles 
larger than the maximum angle of view, thereby 
increasing effects of correcting the TV distortion 

20 and the trapezoid distortion. Further, the shift 

amounts and the tilt amounts of the optical surfaces 
of the respective optical elements are made different 
from each other, respectively, thereby further 
increasing effects of correcting the TV distortion 

25 and the trapezoid distortion. Accordingly, it is 
possible to provide a two-dimensional scanning 
apparatus capable of displaying a two-dimensional 
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image with a remarkably high quality. 

In the fourth embodiment, two optical elements 
are tilted and shifted, but more than two (for 
example, three) optical elements can be tilted and 
5 shifted with the same advantageous effects. 
(Fifth embodiment) 

Fig. 29 illustrates a perpendicular cross 
section of a two-dimensional scanning apparatus of a 
fifth embodiment according to the present invention. 

10 Figs. 30A to 30C show a numerical example (lens data) 
of this two-dimensional scanning apparatus. The 
fifth embodiment will be described with reference to 
those figures. In the fifth embodiment, constituent 
elements common to the other embodiments are 

15 designated by the same reference numerals as those of 
these embodiments. Description of those elements is 
omitted. 

The fifth embodiment is different from the 
other embodiments in that a single optical element 

20 45a constitutes a scanning optical system 45. 

The scanning optical system 45 in the fifth 
embodiment is comprised of the scanning lens 45a 
formed by glass molding. The scanning lens 45a is 
arranged decentering relative to the deflection 

25 scanning axis Ldc. The scanning lens 45a' is tilted 
such that a normal at the surface vertex on its . 
incident surface can form an angle of 01' of 25.0 
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degrees relative to the deflected light beam Bdm 
forming the maximum angle of view a in a 
counterclockwise direction in Fig. 29, and can form 
an angle of (31 of 45.3 degrees relative to the 
5 deflection scanning axis Ldc in the counterclockwise 
direction . 

Further, the light emergence surface of the 
scanning lens 45a is tilted such that a normal at its 
surface vertex can form an angle of (32' of 11.0 

10 degrees relative to the normal to its incident 

surface in the counterclockwise direction, and can 
form an angle of p2 of 56.3 degrees relative to the 
deflection scanning axis Ldc in the counterclockwise 
direction. Also in the fifth embodiment, similar to 

15 the first to fourth embodiments, the maximum angle of 
view a in the horizontal direction is ±20.3 degrees 
about the deflection scanning axis Ldc, and the tilt 
amount of the scanning lens 45a relative to the 
deflection scanning axis Ldc is larger than the 

20 ■ maximum angle of view a. This is the same in both 

the incident surface and the light emergence surface 
of the scanning lens 45a. 

Further, the scanning lens 45a is shifted such 
that the surface vertex on its incident surface can 

25 be 12.9 mm away from the deflected light beam Bdm 
forming the maximum angle of view a in a direction 
away from the deflection scanning axis Ldc, namely, 
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toward the side on which the normal to its incident 
surface extends tilting relative to the deflection 
scanning axis Ldc when this normal is extended toward 
the light emergence side. Further, the surface 
5 vertex on the light emergence surface of the scanning 
lens 45a is shifted by 55.4 mm relative to the 
surface vertex on its incident surface in a direction 
away from the deflection scanning axis Ldc. Hence, 
the surface vertexes on the incident and light 

10 emergence surfaces (all optical surfaces) of the 
scanning lens 45a are disposed outside the two- 
dimensional deflection range of the deflected light. 

Further,- the scanned surface 6 is also tilted 
at an angle of y' of 8 . 4 degrees relative to the 

15 deflected light beam Bdm forming the maximum angle of 
view a in the counterclockwise direction in Fig. 29. 
Relative to the deflection scanning axis Ldc, the 
scanned surface 6 is tilted at an angle of y of 28.7 
degrees, which is larger than the maximum angle of 

20 view a, in the same direction as the scanning, lens 
45a. 

In the thus-constructed fifth embodiment, the 
scanning optical system 45 is comprised of a single 
scanning lens 45a, so that the number of components 
25 and its cost can be reduced and the apparatus can be 
readily fabricated. 

Further, the scanning lens 45a in the fifth 
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embodiment, is an anamorphic lens whose incident 
surface and light emergence surface are comprised of 
anamorphic surfaces, respectively. Each anamorphic 
surface is a rotational asymmetrical aspherical 
5 surface which has aspherical amounts different in the 
horizontal and vertical cross sections. 

Fig. 31 illustrates an image (grating) scanned 
and displayed by the two-dimensional scanning 
apparatus of the fifth embodiment. Fig. 32 shows 

10 amounts of the TV distortion and the trapezoid 
distortion in the displayed image. 

With respect to the TV distortion, the upper 
side LI of the image frame is 0.17 %, the lower side 
L2 is 0.17 %, the left side L3 is 0.13 %, and the 

15 right side L4 is 0.2.0 %• The TV distortion is thus 

sufficiently corrected. Further, with respect to the 
trapezoid distortion, both the upper side LI and the 
lower side L2 of the image frame are 0.10 %, and both 
-the left side L3 and the right side L4 are 0.00 %. 

20 Thus, the trapezoid distortion is preferably 
corrected . 

Thus, even in the event that the scanning 
optical system 45 is comprised of a single optical 
element 45a, the optical element is tilted at an 
25 angle larger than the maximum angle of view oc 

relative to the deflection scanning axis Ldc, and is 
shifted toward the side on which the normal at the 
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surface vertex on its incident surface extends 
tilting relative to the deflection scanning axis Ldc 
when this normal is extended toward the light 
emergence side, and further the scanned surface is 
5 tilted relative to the deflection " scanning axis Ldc 
in the same direction as the optical element, so that 
the TV distortion can be preferably corrected. 

Further, the rotational asymmetrical aspherical 
surface is used in the tilted .optical element, the 

10 surface vertexes of the optical element are disposed 
outside the two-dimensional deflection range of the 
deflected light beam, and the tilt amounts and the 
shift amounts of the optical surfaces of the 
respective optical elements are made different from 

15 each other, respectively, so that the effects of 
correcting the TV distortion and the trapezoid 
distortion can be remarkably improved. 

In the above embodiments, the glass lens is 
used as the optical element in the scanning optical 

20 system, but an optical element other than the glass 
lens, such as a plastic lend formed by injection 
molding, can be used. Thereby, its fabrication can 
be facilitated, and its cost and weight of a two- 
dimensional scanning apparatus can be reduced. 

25 Furthermore, a two-dimensional colour image can 

be displayed by providing three colour light emitting 
portions of blue, green and red in the light source. 
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In this case, achromatic characteristics can be 
achieved by using an optical element provided with 
diffraction gratings. A scanning image displaying 
apparatus capable of scanning and displaying a high- 

• 5 quality colour image can be achieved. In this case, 
it is only necessary to direct three colour light of 
blue, green and red to the deflecting unit 
sequentially (in a field sequential manner), or 
simultaneously, for example. Alternately, it is 

10 possible to combine a light source of white colour, 
and a rotatable turret provided with three colour 
filters of blue, green and red, and sequentially 
direct three colour light of blue, green and red to 
the deflecting unit. 

15 When the two-dimensional colour image is formed 

by using the deflecting unit and the scanning optical 
system while three light of blue, green and red from 
the light source is directed to the deflecting unit, 
the deflecting unit and the scanning optical system 

20 are appropriately controlled. Description thereof is 
omitted. 

Further, in the above-discussed embodiments, 
there are provided as the deflecting unit two 
. deflectors which are MEMS devices, and are capable of 
25 one-dimensional resonant vibration. In place thereof 
a single MEMS device as illustrated in Fig. 33 can be 
used. In the deflector using this MEMS device, a 
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reflecting surface 54a is supported by a vibrating 
frame 54c through torsion bars 54b, and the vibrating 
frame 54c is supported by a frame body 54e through 
torsion bars 54d extending perpendicularly to the 
5 torsion bars 54b. The reflecting surface 54a can be 
resonantly vibrated in a two-dimensional fashion 
about the torsion bars 54a and 54b (deflecting axes) . 

Further, in place the deflector using the MEMS 
device, a galvanomirror or a polygon mirror whose 

10 reflecting surface is rotatable can also be used. 

Further, techniques for electrically correcting 
the TV distortion exist as proposed in the above- 
noted Japanese Patent Application Laid-Open No. 
H8 (1996) -146320, and distortions of the image can 

15 also be corrected by a combination of such electrical 
correction and the optical correction performed by 
the scanning optical system of the present invention. 

When the TV distortion is electrically 
corrected, the tilt angle of the reflecting surface 

20 during the two-dimensional scanning is controlled by 
a driving circuit (not shown) for controlling the 
deflecting unit such that residual distortion after 
the optical correction can be corrected. 
(Sixth embodiment) 

25 Figs. 34A and 34B illustrate an image 

displaying apparatuses of a scanning type provided 
with a two-dimensional scanning apparatus of a sixth 
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embodiment according to the present invention. Fig. 
34A shows a projector 100 for displaying an image on 
a screen 105 placed on a wall or the like, and a two- 
dimensional scanning apparatus 102 of this embodiment 
5 is provided in a housing 101. 

Fig. 34B shows a projector 110 of a stand type 
for displaying an image on a desk in place of a 
display of a personal computer or the like, and a 
two-dimensional scanning apparatus 112 of this 

10 embodiment . is provided in a portion 111 supported 
above the desk top. 

An image data supplying apparatus 150 , such as 
a personal computer, a video player, and a DVD player, 
is connected to each of the projectors 100 and 110, 

15 and an image displaying system is thus constructed. 
There is provided in each projector 100 or 110 a 
driving circuit for modulating monochromatic light or 
multicoloured light emitted from the light source 1 
based on image data supplied from an image data 

20 supplying apparatus 150. The projector 100 or 110 
accordingly can scan and display an image on the 
screen 105 or the desk 115 in conformity with the 
image, data supplied from the image data supplying 
apparatus 150. 

25 The above-discussed embodiments exemplify the 

image displaying apparatus (for example, the 
projector) in which an image on the screen or the 



like provided on the scanned surface is directly 
observed. The present invention, however, can also 
be applied to an image displaying apparatus (for 
example, a finder) in which an image formed on the 
scanned surface is observed through a relay optical 
system or the like, for example. 

Further, the present invention can also be 
applied to a structure in which a light beam from the 
light source enters a reflecting surface of the 
deflecting unit obliquely relative to the vibrating 
axis (the deflecting axis) of the reflecting surface. 
(Seventh embodiment) 

Fig. 35 is a perspective view illustrating a 
two-dimensional scanning apparatus of a seventh 
embodiment according to the present invention. In 
the seventh embodiment, the two-dimensional scanning 
apparatus is applied to an image displaying apparatus 
such as a projector. 

In Fig. 35, reference numeral 1 designates a 
light source such as a laser diode, an LED, and a 
lamp. Radiation of the light source 1 is controlled 
by a driving control (not shown) which is operated 
according to image signals, for example. A divergent 
light beam emitted from the light source 1 is 
converted into a convergent light beam by a 
condensing lens system 2 constructed by cementing two 
condensing lenses 2a and 2b, and the width of the 



- 64 - 



convergent light beam is restricted by an aperture 
stop 3. 

Reference numeral 4 designates a deflecting 
unit- The deflecting unit 4 in this embodiment is 
5 comprised of a deflector (a deflecting unit) which 
can be resonantly vibrated in a two-dimensional 
manner, and has a reflecting surface capable of 
vibrating about two rotational axes extending 
perpendicularly to each other. The deflector 4 

10 reflects and deflects the light beam emitted from the 
light source 1 and folded by a folding mirror 7 after 
traveling through the condensing lens system 2 and 
the aperture stop 3 to two-dimensionally deflect -it 
in the horizontal direction and the vertical , 

15 direction (the X-direction and the Y-direction) . 

Tilt direction and tilt angle of the deflector 4 are 
controlled by a driving circuit (not shown) according 
to the image signal , for example. 

Reference numeral 5 designates a scanning 

20 optical system having f-0 characteristics. The 

scanning optical system 5 includes three spherical 
lenses 5a, 5b and 5c. The light beam deflected by 
the deflecting unit 4 is imaged as a spot on the 
scanned surface 6 by the scanning optical system 5.- 

25 Here, the deflected light is guided onto the scanned 
surface 6 through the scanning optical system 5. The 
■imaged spot is scanned on the scanned surface 6 by 
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the resonant motion of the deflector 4 in the 
horizontal and vertical directions. Accordingly, a 
two-dimensional image is formed on the scanned 
surface 6. 

5 The two-dimensional deflector 4 in this 

embodiment is constructed as a conventional MEMS 
(Micro Electro-Mechanical Scanner) fabricated by 
using .semiconductor producing techniques, for example, 
and hence its size and weight can be remarkably 

10 reduced. 

Fig. 36 illustrates a main portion of the 
deflector 4, but the deflector is not limited thereto. 

In Fig. 36, reference numeral 4a designates a 
reflecting surface. A light beam from the light 

15 . source 1 is incident on the reflecting surface 4a, 
and is reflected and deflected thereby. The 
reflecting surface 4a is supported by a first frame 
4c through first torsion bars 4b extending in the Y- 
direction, and the reflecting surface 4a can be 

20 vibrated in the horizontal direction (the X- 

direction) about the rotational central axis of the 
first torsion bars 4b. Further, the first frame 4c 
is supported by a second frame 4e through second 
torsion bars 4d extending in the X-direction, and the 

25 first frame 4c and the reflecting surface 4a 

supported thereby can be vibrated in the vertical 
direction (the Y-direction) about the rotational 
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central axis of the second torsion bars 4d. 
Accordingly, the deflector 4 can be two-dimensionally 
vibrated in the horizontal and vertical directions as 
a two-dimensional deflecting unit. 
5 Fig. 37 is a perpendicular cross-sectional (the 

YZ cross section) view illustrating the two- 
dimensional scanning apparatus of the seventh 
embodiment. This perpendicular cross section 
corresponds to a plane of incidence in which the 

10 light beam obliquely enters the reflecting surface 4a 
of the deflector 4 . 

In the seventh embodiment, when the light beam 
from the light source 1 is incident on the deflector 
4, the incident light beam is caused to enter the 

15 reflecting surface 4a of the deflector 4 at an angle 
of 15 degrees from a lower side in the perpendicular 
direction (a right side of the deflector 4 in Fig. 
37) . The deflector 4 is the two-dimensional light 
deflecting unit, and is arranged such that the first 

20 torsion bars 4b of the rotational central axis for 

vibrating the reflecting surface 4a of Fig. 36 in the 
horizontal direction can be parallel to the vertical 
direction, and the second torsion bars 4d of the 
rotational central axis for vibrating the reflecting 

25 surface 4a in the vertical direction can be parallel 
to the horizontal direction. Therefore, the light 
beam from the light source unit 1 is caused to enter 
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obliquely relative to the first torsion bars 4b. 
When a light beam is caused to enter obliquely 
relative to the central axis of the deflecting unit 4, 
TV distortion is generally liable to largely occur in 
5 an image displayed on the scanned surface (for 
example, the screen) . 

In the seventh embodiment, however, this 
distortion is preferably corrected by the 
construction in which the spherical lens 5b is tilted 

10 and shifted relative to the central axis (light ray) 
A of the deflection range of the light beam deflected 
by the deflector 4 toward a side (a minus side) on 
which the light beam obliquely enters the deflector 4 
about an axis parallel to the X-axis perpendicular to 

15 the plane of incidence of the light beam entering the 
reflecting surface 4a, and the spherical lens 5c is 
shifted relative to the central axis (light ray) A of 
the light beam deflection range toward a side (a plus 
side) opposite to the side on which the light beam 

20 obliquely enters the deflector 4. In . connection 
therewith, a numerical example will be described 
later . 

Fig. 38 illustrates a perpendicular cross 
section of a two-dimensional scanning apparatus which 
25 is- a comparative example to be compared with the 
seventh embodiment . 

In the comparative example of Fig. 38, similar 
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to the seventh embodiment , a divergent light beam 
emitted from the light source 1 is converted into a 
convergent light beam by a condensing lens system 2, 
and the width of the convergent light beam is ' 
5 restricted by an aperture stop 3. The light beam is 
then reflected and deflected by the deflector 4 two- 
dimensionally in the horizontal direction and the 
vertical direction. Reference numeral 5 designates a 
scanning optical system having f-0 characteristics. 

10 The scanning optical system 5 includes three coaxial 
spherical lenses 5a, 5b and 5c. The light beam 
deflected by the deflecting unit 4 is imaged as a 
light spot on a scanned surface 6 by the scanning 
optical system 5. Here, the deflected light is 

15 guided onto the scanned surface 6 through the 
scanning optical system 5. The imaged spot is 
scanned on the scanned surface 6 by the resonant 
motion of the deflector 4 in the horizontal and 
vertical directions . 

20 Table 1 shows lens data representing the 

structure of the scanning optical system of the 
comparative example. 

In the comparative example, no shift and no 
tilt are imparted to three spherical lenses 5a, 5b 

25 and 5c in the scanning optical system 5, and the 
light beam directed to a center of the image 
displayed on the scanned surface 6 travels on the 
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optical axes of the respective spherical lenses 5a, 
5b and 5c. 

Further, the light beam from the light source 1 
is caused to enter the reflecting surface of the 
5 deflector 4 at an angle of 15 degrees from a lower 
side in the perpendicular cross section, and the 
light beam is thus caused to enter the deflector 4 in 
an oblique incidence manner in the perpendicular 
cross section. Accordingly, TV distortion is likely 
10 to occur on the scanned surface 6 due to the two- 
dimensional scanning by the deflecting unit 4, and 
trapezoid distortion is likely to occur on the 
scanned surface 6 due to the oblique incidence on the 
deflector 4. 

15 Fig. 39 illustrates an image (grating) 

displayed in the comparative example . Further, Table 
2 shows amounts of the TV distortion and the 
trapezoid distortion in. the comparative example. 

Upper side LI and lower side L2 of four lines 

20 constituting the image frame should straightly extend 
horizontally, but as illustrated in Fig. 39, each of 
the upper side LI and the lower side L2 is in the 
form of a curve whose central portion caves downward. 
Thus, TV distortion occurs. Here, in connection with 

25 the TV distortion, the upper side is 1.59 %, and the 
lower side is 1.93 % (see Table 2). Further, left 
side L3 and right side L4 of the image frame should 
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straightly extend vertically, but the left side L3 
and the right side L4 tilt so that the distance 
between them widens from an upper portion to a lower 
portion. Thus, trapezoid distortion occurs. Here, in 
5 connection with the trapezoid distortion, both the 

left side and the left side are 2.11 % (see Table 2). 

Thus, in the comparative example, the TV 
distortion and the trapezoid distortion largely 
appear, and a preferable two-dimensional image cannot 

10 be obtained. 

Therefore, in the seventh embodiment, as 
discussed above, at least one of the spherical lenses 
5a, 5b and 5c constituting the scanning optical 
system is tilted, and at least one lens is shifted, 

15 thereby correcting the TV distortion and the 

trapezoid distortion preferably, or to a degree with 
almost no problem. 

Table 3 shows lens data representing the 
construction of the scanning optical system 5 in the 

20 seventh embodiment. 

In this embodiment, three spherical lenses 5a, 
5b and 5c constitute the scanning optical system 5, 
and these lenses are a first scanning lens 5a, a 
second scanning lens 5b and a third scanning lens 5c 

25 disposed in this order from the side of the deflector 
4, respectively. The first scanning lens 5a is a 
meniscus lens having negative optical power (a 
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reciprocal of a focal length: refractive power), and 
having a concave surface facing the side of the 
deflector 4. The second scanning lens 5b is a 
meniscus lens having positive power, and a concave 
5 surface facing the side of the deflector 4 . Further, 
the third scanning lens 5c is a meniscus lens having 
positive power, and a concave surface facing the side 
of the deflector 4. 

The second scanning lens 5b is tilted at an 

10 angle of 36.1 degrees in a clockwise direction (the 
minus side) in the perpendicular cross section. In 
other words, the optical axis of the second scanning 
lens 5b is tilted toward the side of the light beam L 
which is obliquely incident on the deflector 4, 

15 namely toward a direction approaching a parallel 
direction to the obliquely incident light beam L. 
The second scanning lens 5b is also shifted by 4.64 
mm downward (toward the minus side) . In other words, 
the second scanning lens 5b is shifted toward a 

20 direction approaching the obliquely incident light 
beam L. Accordingly, the rotational centers of the 
. second scanning lens 5b are located on the side of 
the deflector 4, and the second scanning lens 5b is 
tilted so as to approach the incident light beam. 

25 Here, the rotational center is located at a position 
(z, x, y)=(11.14, 0, 0) that is shifted by 6.36 mm 
from the light incident surface of the second 
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scanning lens 5b toward the side of the deflector 4. 

Further, the third scanning lens 5c is shifted 
by 2.76 mm upward (toward the plus side). In other 
words, the third scanning lens 5c is shifted toward a 
5 direction away from the incident light beam. 

Fig. 40 illustrates an image (grating) 
displayed by the two-dimensional scanning apparatus 
of the seventh embodiment. Table 4 shows amounts of 
the TV distortion and the trapezoid distortion in 

10 this embodiment. 

With respect to the TV distortion of the image 
illustrated in Fig. 40, the upper side LI of the 
frame is 0.12 %, and the lower side L2 is 0.21 %. 
The upper side LI and the lower side L2 curved in the 

15 comparative example are thus corrected to be almost 
straight. Further, with respect to the trapezoid 
distortion, both the upper side LI and the lower side 
L2 are 0.10 %. Lines sloping in the comparative 
example are thus corrected to vertical lines. Thus, 

20 the scanning lenses constituting the scanning optical 
system 5 are appropriately tilted and shifted, 
thereby correcting the TV distortion and the 
trapezoid distortion preferably, or to a degree with 
almost no problem. 

25 Particularly, in the scanning optical system of 

the seventh embodiment, the TV distortion is 
corrected by tilting the second scanning lens 5b, and 
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the trapezoid distortion is corrected by tilting the 
second scanning lens 5b and the third scanning lens 
5c. The correction made by the tilt and the 
correction made by the shift also influence each 
5 other, so that it is important to establish the 
balance between them. 

Therefore, the light beam from the light source 
is caused to be obliquely incident on the deflector 4, 
at least one transmission optical element in the 

10 scanning optical system 5 is tilted in the oblique 

incidence cross section, i.e., the plane of incidence, 
and at least one transmission optical element is 
shifted. The TV distortion and the trapezoid 
distortion in the image displayed on the scanned 

15 surface 6 are accordingly corrected preferably, and 
it is hence possible to provide a two-dimensional 
scanning apparatus capable of displaying a high- 
quality image. 

Further, in the seventh embodiment, the tilted 

20 scanning lens (the optical element without any 
reflecting surface having optical power) 5b is 
comprised of the meniscus lens having a concave 
surface facing the side of the deflector 4. Thereby, 
when the scanning lens. 5b is tilted, its influence 

25 imparted to the curvature of field can be reduced 

with its influence imparted to the TV distortion and 
the trapezoid distortion being maintained. Therefore, 
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the TV distortion and the trapezoid distortion can be 
corrected separately from the curvature of field, and 
the TV distortion and the trapezoid distortion can 
hence be corrected readily. 
5 In the seventh embodiment, a single deflector 4 

capable of two-dimensional resonant vibration is used 
as the deflecting unit, but the deflecting unit is 
not limited thereto. A combination of two deflectors 
capable of one-dimensional resonant vibration can be 

10 used as the deflecting unit capable of two- 

dimensionally deflecting the light beam with the same 
effect. Further, in place the deflector capable of 
resonant vibration, a galvanomirror or a polygon 
mirror whose reflecting surf ace is rotatable can also 

15 be used, for example. 

Optical surfaces (surfaces acting on light to 
direct it to the scanned surface) of three optical 
elements (scanning lenses) constituting the scanning 
optical system in the seventh embodiment are all 

20 composed of refractive surfaces which transmit light 
therethrough and at the same time control its wave 
front, respectively. Precision required to the 
refractive surface only needs to be 1/4 as small as 
that required to the reflecting surface, so that the 

25 optical element can be readily fabricated. Further, 
there is a limitation to arrangement of an optical 
path after tilted by the reflecting surface where the 
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reflecting surface is used- In contrast thereto, in 
the case of the transmission refractive surface that 
undergoes no such disadvantage, flexibility in such 
arrangement is large. Further, since a transmission 
5 factor of the refractive surface is larger than a 
reflection factor of the reflecting surface, the 
amount of light loss is outstandingly small in the 
case of the transmission refractive surface. 
Particularly, this advantage is remarkable when the 
10 number of optical surfaces is large. Additionally, 
the transmission factor can be highly enhanced by 
coating the refractive surface with an antiref lective 
film. 

Further, in the event of an optical element 
15 having a refractive surface and a reflecting surface 
in a mixed manner, it is necessary to secure the 
optical path within the optical element. The size of 
the optical element itself accordingly increases. 
Further, the problem of such enhanced size is likely 
20 to increase adverse influences of the refractive- 
index distribution and the double refraction which 
occur when the optical element is formed by plastic 
molding. 

However, when a scanning lens with optical 
25 surfaces of reflecting surfaces is used as in the 

seventh embodiment, the scanning lens can be thinned 
and. can be reduced in its size since there is no 
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necessity to secure the optical path. 

Accordingly, when an optical element without 
any reflecting surfaces for directing light to the 
scanned surface is used in the scanning optical 
5 system, the apparatus can enjoy various advantageous 
effects in contrast to the case using an optical 
element with the reflecting surface as described in 
the above-mentioned Japanese Patent Application Laid- 
Open No. 2001-281583. In the present invention, it 

10 is also possible to use an optical element which uses 
a diffraction surface for transmission-diffracting 
light in place of, or in combination with the 
refractive surface to correct distortions of the 
image formed on the scanned surface. 

15 Furthermore, in the seventh embodiment, the 

light beam from the light source unit is caused to 
obliquely enter in the ZY plane, but the construction 
is not limited thereto. In the event that the light 
beam is caused to obliquely enter in the ZX plane, TV 

20 distortion and trapezoid distortion can be corrected 
by tilting and/or shifting the transmission optical 
element in the ZX plane, similarly to the seventh 
embodiment. In the event that the light beam is 
caused to. obliquely enter in both the ZX plane and 

25 the ZY plane, TV distortion and trapezoid distortion 
can be corrected by tilting and/or shifting the 
transmission optical element one-dimensionally in at 
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least one of the ZX plane and the ZY plane, similarly 
to the seventh embodiment. 
(Eighth embodiment) 

Fig. 41 is a perpendicular cross-sectional view 
5 illustrating a two-dimensional scanning apparatus of 
an eighth embodiment according to the present 
invention . 

The eighth embodiment differs from the seventh 
embodiment in that an image size displayed on the 

10 scanned surface 6 is increased. Accordingly, 
constructions of scanning optical systems are 
different between those embodiments, but the 
apparatus illustrated in Fig.. 41 has the same 
construction as the apparatus illustrated in Fig. 37 

15 with the exception of the scanning optical system. 

In the eighth embodiment, a scanning optical 
system can increase the image size 1.4 times as large 
as that of the seventh embodiment, but its entire 
length (the distance between the deflector 4 and the 

20 scanned surface 6) is enlarged only 1.1 times as long 
as that of the seventh embodiment. Thus, a compact 
construction is achieved in the eighth embodiment. 

Table 5 shows lens data representing the 
construction of the scanning optical system 5 in the 

25 eighth embodiment. 

Also in this embodiment, similar to the seventh 
embodiment, the second scanning lens 5b of three 
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scanning lenses 5a, 5b and 5c constituting the 
scanning optical system 5 is tilted and shifted, and 
the third scanning lens 5c of three scanning lenses 
5a, 5b and 5c is shifted, thereby correcting TV 
5 distortion and trapezoid distortion of the image 

displayed on the scanned surface 6. Here, the second 
scanning lens 5b is tilted at an angle of 44.38 
degrees toward a side (a minus side) on which the 
light beam from the light source unit 1 obliquely - 

10 enters the deflector 4 in the perpendicular cross 
section (the ZY plane), and is shifted by 5.05 mm 
toward the minus side in the perpendicular cross 
section. Further, the third scanning lens 5c is 
shifted by 24.57 mm toward a side (a plus side) 

15 opposite to the side on which the light beam from the 
light source 1 obliquely enters the deflecting unit 4. 

Fig. 42 illustrates an image (grating) 
displayed by the two-dimensional scanning apparatus 
of the eighth embodiment. Table 6 shows amounts of 

20 the TV distortion and the trapezoid distortion in 
this embodiment. 

With respect to the TV distortion of the image 
in the eighth embodiment, the upper side of the frame 
is 0.12 %, the lower side is 0.24 %, the left side is 

25 0.11 %, and the right side is 0.11 %. The TV 

distortion is thus corrected preferably, or to a 
degree with almost no problem. Further, with respect 
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to the trapezoid distortion, both the left side and 
the right side are 0.06 %. The trapezoid distortion 
is also corrected preferably, or to a degree with 
almost no problem. 
5 Further, in the event that it is desired that 

the entire length of the apparatus be made compact 
with its image size being enlarged, when the TV 
distortion and the trapezoid distortion are to be 
corrected, it is likely that the tilt amount of the 

10 scanning lens 5b increases, and the amount of 

astigmatism appearing on the scanned surface 6 due to 
the tilt of the scanning lens 5b also increases. 
Therefore, in the eighth embodiment, an optical 
element having anamorphic power is contained in the 

15 scanning optical system. Specifically, all surfaces 
of both the second scanning lens 5b and the third 
scanning lens 5c are formed as anamorphic surfaces, 
and each of these lenses 5b and 5c is thus 
constructed as an anamorphic lens. 

20 Particularly, optical power of the second 

scanning lens 5b in the perpendicular cross section 
(the ZY cross section) is made smaller than its 
optical power in the horizontal cross section (the ZX 
cross sectione) , and is made close to non-power such 

25 that the tilt of the curvature of field in the 

perpendicular cross section due to the tilt of the 
second scanning lens 5b can be reduced. It is 
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thereby possible to preferably correct the TV 
distortion and the trapezoid distortion by largely 
tilting the second scanning lens 5b. Further, the 
astigmatism can be corrected by forming the third 
5 scanning lens 5c as the anamorphic lens. 

It is preferable that the tilted scanning lens 
is constructed as a meniscus lens with a concave 
surface facing the deflecting unit 4, so that the 
second scanning lens 5b is an anamorphic lens of a 

10 meniscus shape having a concave surface facing the 
side of the deflector 4 in both the horizontal and 
perpendicular cross sections. 

Further, radius of curvature of the second 
scanning lens 5b in the perpendicular cross section 

15 is made gentler (the absolute value of the radius of 
curvature is made larger) than its radius of 
curvature in the horizontal cross section such that 
the TV distortion and the trapezoid distortion can be 
more effectively corrected. 

20 As discussed above, the astigmatism as well as 

the TV distortion and the trapezoid can be corrected 
by tilting and/or shifting the optical elements with 
anamorphic optical power, and accordingly a two- 
dimensional scanning apparatus capable of displaying 

25 a large high-quality image can be achieved. 

Particularly, the tilted optical element is 
caused to have anamorphic power, and optical power in 
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a first cross section is made smaller than that in a 
second cross section, and is made close to non-power 
where the first cross section is a cross section in 
which the optical element is tilted, and the second 
5 cross section is a cross section perpendicular to the 
first cross section and the optical axis, thereby 
decreasing influence of the tilt on the curvature of 
field. Accordingly, effect of the tilt can be 
concentrated to correction of the TV distortion and 
10 the trapezoid, and it is hence possible to 

independently correct the TV distortion and the 
trapezoid. 

When the tilted and/or shifted scanning lenses 
5b and 5c having large unusable portions are used as 

15 in the eighth embodiment, the optical system can be 
contained in an optical box in a compact form by 
cutting portions other than their use portions. 
(Ninth embodiment) 

Fig. 42 is a perpendicular cross-sectional view 

20 illustrating a two-dimensional scanning apparatus of 
a ninth embodiment according to the present invention 

The ninth embodiment differs from the eighth 
embodiment in that an image size displayed on the 
scanned surface 6 is further increased. Fundamental 

25 constructions of the ninth embodiment and the eighth 
embodiment are the same, and hence only different 
points will be described. 
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In the ninth embodiment, the size of an image 
displayed on the scanned surface 6 is set to 4.1 
inches, and a scanning optical system capable of 
achieving the image size 2.86 times as large as that 
5 of the eighth embodiment is used. 

Table 7 shows lens data representing the 
construction of the scanning optical system in the 
ninth embodiment. 

In the ninth embodiment, the second scanning 
10 lens 5b is constructed as an anamorphic lens of a 
meniscus shape having a concave surface facing the 
side of the deflecting unit 4, and each of its 
opposite surfaces is shaped into a rotational 
asymmetrical aspherical surface whose aspherical 
15 amount in the horizontal cross section (the ZX cross 
section) is different from that in the vertical cross 
section (the ZY cross section) . 

The aspherical surface in this embodiment has 
the amount of displacement Z in the optical axial 
20 direction (the Z-direction) given by the following 

formula at each position in the horizontal direction 
(the X-direction) and the vertical direction (the Y- 
direction) 
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CUX x^ + CUYy 
1 + SQRT{1- (1 + KX) CUXV- (1+ KY)CUYV} 

+ AR {(1 - AP) x 2 + (1 + AP> y 2 } 2 + BR {(1 - BP) x 2 + <1 + BP) y 2 } 3 

+ CR {(1 - CP) x 2 + (1 + CP) y 2 }* + DR {(1 - DP) x 2 + (1 + DP) y 2 } 5 

where Z is the sag of a surface parallel to the Z- 
axis, CUX and CUY are curvatures of x and y, 
respectively, KX and KY are conic coefficients of x 
5 and y (the eccentricity is obtained by a method 
similar to that of K of an ASP-surface type) , 
respectively, AR, BR, CR and DR represent fourth- 
order, sixth-order, eighth-order and tenth-order 
deformed rotational symmetrical portions deformed 

10 from a cone, respectively, and AP, BP, CP and DP 

represent fourth-order, sixth-order, eighth-order and 
tenth-order deformed rotational asymmetrical portions 
deformed from a cone, respectively. 

In the ninth embodiment, its entire length is 

15 2.77 times as large as that of the eighth embodiment 
(which is approximately the same magnification as the 
image size)-, and the distance from the deflector 4 to 
the third scanning lens 5c is set to 42.00 mm that is 
approximately the same distance as that of the eighth 

20 embodiment. In other words, the distance from the 

deflector 4 to the third scanning lens 5c is reduced 
relatively to the entire length, and the size of the 
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scanning optical system is decreased. In the ninth 
embodiment, its entire length L is L=175.88 (mm), the 
distance d from the deflector 4 to the scanning lens 
5c disposed closest to the scanned surface 6 is 
5 d=42.00 (mm), and hence d/L=0.24. Accordingly, it is 
possible to provide a very compact two-dimensional 
scanning optical system capable of achieving a large 
image size. 

In the ninth embodiment, the second scanning 

10 lens 5b is tilted at an angle of 53.74 degrees toward 
the side on which the light beam from the light 
source 1 obliquely enters the deflector 4, and is 
shifted by 6.42 mm toward this oblique incidence side 
Further, the third scanning lens 5c is tilted at an 

15 angle of 2.7 6 degrees toward the side on which the 
light beam from the light source 1 obliquely enters 
the deflector 4, and is shifted by 22.49 mm toward a 
side opposite to the oblique incidence side. 

Fig. 44 illustrates an image (gratings) 

20 displayed in the ninth embodiment. Table 8 shows 
amounts of the TV distortion and the trapezoid 
distortion in the ninth embodiment. 

With respect to the TV distortion of the image 
in the ninth embodiment, the upper side of the image 

25 frame is 0.23 %, the lower side is 0.36 %, the left 

side is 0.12 %, and the right side is 0.12 %.. The TV 
(distortion is thus corrected preferably, or to a 
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degree with almost no problem. Further, with respect 
to the trapezoid distortion, both the left side and 
the right side are 0.38 %. The trapezoid distortion 
is also corrected preferably, or to a degree with 
5 almost no problem. 

When a rotational asymmetrical aspherical 
surface (a refractive surface or a transmission 
diffraction surface) is used in a tilted optical 
element as in the ninth embodiment, the TV distortion 

10 and the trapezoid distortion can be more effectively 
corrected. Further, in the ninth embodiment, two 
transmission optical elements are tilted and shifted, 
but the construction is not limited thereto. For 
example, three or more transmission optical elements 

15 can be tilted and/or shifted to satisfactorily obtain 
the same technical advantages. 
(Tenth embodiment) 

Fig. 45 is a perpendicular cross-sectional view 
illustrating a two-dimensional scanning apparatus of 

20 a tenth embodiment according to the present invention 
The tenth embodiment differs from the seventh 
embodiment in that a two-dimensional deflecting unit 
is comprised of two one-dimensional deflectors 
capable of one-dimensional deflection. 

25 In each of the two deflectors in the tenth 

embodiment, a reflecting surface is supported by a 
frame through a pair of torsion bars, and each 
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deflector is comprised of the reflecting surface 4a, 
the first torsion bars 4b and the first frame 4c 
illustrated in Fig. 36. 

In the tenth embodiment, a divergent light beam 
5 emitted from a light source 1 is converted into a 

convergent light beam by a condensing lens 2, and the 
width of the convergent light beam is restricted by 
an aperture stop 3. The deflector 4 is comprised of 
a first one-dimensional deflector 41 capable of one- 

10 dimensional deflection in the vertical direction, and 
a second one-dimensional deflector 42 capable of one- 
dimensional deflection in the horizontal direction. 
The light beam from the light source 1 is deflected 
in the vertical direction by the first deflector 41, 

15 and deflected in the horizontal direction by the 
second deflector 42. The light beam is thus 
deflected two-dimensionally . The light beam 
deflected by the deflector 4 is imaged as a light 
spot on the scanned surface 6 by the scanning optical 

20 system 5 including three scanning lenses. 

Table 9 shows lens data representing the 
construction of the scanning optical system in the 
tenth embodiment. 

Also in the tenth embodiment, three scanning 

25 " lenses constitute the scanning optical system 5, and 
these lenses are a first scanning lens 5a, a second 
scanning lens 5b and a third scanning lens 5c 



- 87 - 



disposed in this order from the side of the deflector 
4, respectively. The first scanning lens 5a is a 
meniscus lens having negative optical power and a 
concave surface facing the side of the deflector 4, 
5 the second scanning lens 5b is a meniscus lens which 
has positive optical power and a concave surface 
facing the side of the deflector 4, and whose 
opposite surfaces are anamorphic surfaces, 
respectively. The third scanning lens ,5c is a 

10 double-convex lens having positive optical power. 

In the tenth embodiment, the light beam from 
the light source 1 is caused to enter the first 
deflector 41 capable of deflection in the vertical 
direction, and then enter the second deflector 42 

15 capable of deflection in the horizontal direction. 
Here, the light beam from the light source 1 is 
caused to enter the first deflector 41 in the 
perpendicular cross section. The rotational central 
axis of the first deflector 41 lies in the horizontal 

20 cross section, and hence the incident light beam and 
the rotational central axis of the reflecting surface 
of the deflector lie in different cross sections, 
respectively. On the other hand, the rotational 
central axis of the second deflector 42 lies in the 

25 same vertical cross section as the incident light 

beam, and therefore the- light beam deflected by the 
first deflector 41 is obliquely incident on the 
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second deflector 42. Accordingly, TV distortion and 
trapezoid distortion are liable to occur/ 

In the tenth embodiment, therefore, the second 
scanning lens 5b is tilted at an angle of 42.27 
5 degrees toward the side (in a clockwise direction in 
Fig. 45) on which the light beam from the light 
source 1 obliquely enters the second deflector 42 in 
the vertical cross section, and is shifted by 4.02 mm 
toward this oblique incidence side (a right side in 

10 Fig. 45) in the vertical cross section. Further, the 
third scanning lens 5c is shifted by 5.84 mm toward a 
side opposite to the oblique incidence side of the 
second scanning lens 5b. 

Fig. 46 illustrates an image (gratings) 

15 displayed in the tenth embodiment. Table 10 shows 
amounts of the TV distortion and the trapezoid 
distortion in the tenth embodiment. 

With respect to the TV distortion of the image 
in the tenth embodiment, the upper side of the image 

20 frame is 0.29 %, the lower side is 0.17 %, the left 

side is 0.11 %, and the right side is 0.11 %. The TV 
distortion is thus corrected sufficiently, or to a 
degree with almost no problem. Further, with respect 
to the trapezoid distortion, both the left side and 

25 .the right side are 0.18 %. The trapezoid distortion 
is also corrected preferably, or to a degree with 
almost no problem. 
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When the two-dimensional deflecting unit using 
a couple of one-dimensional deflectors is employed, 
the light beam emitted from the light source unit 
enters obliquely relative to the central axis (the 
5 rotational axis) of the one-dimensional deflector 

disposed rearward, thereby causing the TV distortion 
and the trapezoid distortion. The TV distortion and 
the trapezoid distortion, however, can be corrected 
when one element without any reflecting surface 

10 having optical power out of the transmission optical 
elements constituting the scanning optical system is 
tilted, and one element without any reflecting 
surface having optical power is shifted. 
(Eleventh embodiment) 

15 Fig. 47 illustrates a perpendicular cross 

section of a two-dimensional scanning apparatus of an 
eleventh embodiment according to the present 
invention . 

The eleventh embodiment is different from the 
20 seventh embodiment in that the scanning optical 

system 5 is comprised of two scanning lenses 5a and 
5b, 

Table 11 shows lens data representing the 
construction of the scanning optical system in the 
25 eleventh embodiment. 

In the eleventh embodiment, opposite surf aces 
of each of the first scanning lens 5a and the second 
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scanning lens 5b are constructed as rotational 
asymmetrical aspherical surfaces, respectively. The 
aspherical surface in the eleventh embodiment has the 
amount of displacement Z in the optical axial 
direction (the Z-direction) given by the following 
formula at each position in the horizontal direction 
(the X-direction) and the vertical direction (the Y- 
direction) 



2 W 

2 - - — + V C^y* j«[(m+n) 2 +m + 3aV2+l 

l+SQRT[l-(l*k)c*r 2 ] ^ j 7 % f 



10 where Z is the sag of a surfa.ce parallel to the Z- 
axis, c is the curvature (CUY) of the vertex, k is 
the conic coefficient, and Cj is the coefficient of 
x m y n . 

In the eleventh embodiment, the second scanning 
15 lens 5b is tilted at an angle of 21.53 degrees toward 
the side (in a clockwise direction in Fig. 47) on 
which the light beam from the light source 1 
obliquely enters the deflector 4, and is shifted by 
6.06 mm toward a side opposite to this oblique 
20 incidence side. Further, the light emergence surface 
of the second scanning lens 5b is tilted at an angle 
of 1.60 degrees relative to its light incident 
surface toward a side (in a- counterclockwise . 
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direction in Fig. 47) opposite to the oblique 
incidence side, and is shifted- by 0.20 mm toward the 
side opposite to this oblique incidence side. The TV 
distortion and the trapezoid distortion in the image 
5 displayed on the scanned surface 6 are thereby 
corrected. 

Particularly, in the eleventh embodiment, the 
second scanning lens 5b is comprised of the 
rotational asymmetrical aspherical lens, and is 

10 tilted and shifted as discussed above such that the 
TV distortion and the trapezoid distortion can be 
preferably corrected only by the tilt and the shift 
of one lens . 

Fig. 48 illustrates an image (grating) 

15 displayed in the eleventh embodiment. Table 12 shows 
amounts of the TV distortion and the trapezoid 
distortion in the eleventh embodiment. 

With respect to the TV distortion of the image, 
the upper side of the image frame is 0.07 %, the 

20 lower side is 0.01 %, the left side is 0.01 %, and 

the right side is 0.01 %. The TV distortion is thus 
corrected very preferably, or to a degree with almost 
no problem. Further, with respect to the trapezoid 
distortion, both the left side and the right side are 

25 0.02 %. The trapezoid distortion is also corrected 
very preferably, or to a degree with almost no 
problem. 
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When the tilted or shifted optical element 
without any reflecting surface having optical power 
out of the transmission optical elements constituting 
the scanning optical system 5 is comprised of a 
5 rotational asymmetrical, aspherical lens as in the 
eleventh embodiment, the TV distortion and the 
trapezoid distortion can be more effectively 
corrected. Further, it is possible to correct the TV 
distortion and the trapezoid distortion by tilting 

10 and shifting only one lens of the scanning lenses, 
and the number of optical elements constituting the 
scanning optical system 5 can be reduced. 

In the eleventh embodiment, aspherical 
coefficients up to (m+n)<4 are used in connection 

15 with the rotational asymmetrical aspherical surface 
of the tilted and shifted scanning lens, but the 
construction is not limited thereto. When aspherical 
coefficients in higher orders of (m+n)^6 are used, 
the TV distortion and the trapezoid distortion can be 

20 more effectively corrected. 

In the above-discussed embodiments (lens data) , 
each optical element is comprised of a glass lens, 
but it is not limited thereto. For example, when at 
least one optical element is comprised of a plastic 

25 lens formed by injection molding, it can be readily 
formed and the cost can be lowered. 

Furthermore, a two-dimensional colour image can 
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be displayed by providing three colour light emitting 
portions of blue, green and red in the light source 
unit- A scanning colour image displaying apparatus 
can be thus achieved. In this case, three colour 
5 light of blue, green and red is directed to the 
deflector sequentially and/or simultaneously. 
Alternately, it is possible to combine a light source 
of white colour, and a rotatable turret provided with 
three colour filters of blue, green and red, and 

10. direct three colour light of blue, green and red to 
the deflector sequentially and/or simultaneously. 

When the two-dimensional colour image is formed 
by using the deflector and the scanning optical 
system while three light of blue, green and red from 

15 the light source unit is directed to the deflector 

sequentially and/or simultaneously, the light source 
unit and the deflecting unit are appropriately 
controlled in a conventional manner. Description 
thereof is therefore omitted. 

20 Further, there are provided, as the example of 

the deflecting unit, the MEMS deflecting device 
capable of two-dimensional resonant vibration, and 
MEMS deflecting devices capable of resonant vibration 
in a one-dimensional direction. In place thereof, a 

25 galvanomirror or a polygon mirror can also be 
satisfactorily used with the same effect; 

Further, techniques for electrically correcting 
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. TV distortion exist as proposed in the above-noted 
Japanese Patent Application Laid-Open No. H8(1996)- 
14 6320, and the distortion of the image can also be 
corrected by a combination of such electrical 
5 correction and the optical correction achieved by the 
scanning optical system of the present invention. 

When the TV distortion is electrically 
corrected, the tilt angle of the reflecting surface 
during the two-dimensional scanning is controlled by 

10 a driving circuit (not shown) for controlling the 
deflector such that residual distortion after the 
optical correction can be corrected. 

The above-discussed embodiments exemplify the 
image displaying apparatus (for example, a projector) 

15 in which an image on the screen or the like provided 
on the scanned surface is directly observed. The 
present invention, however, can also be applied to an 
image displaying apparatus ( for . example , a finder) in 
which an image formed on the scanned surface is 

20 observed through a relay optical system or the like, 
for example. 



25 
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Table 2 
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Table 3 
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Table 4 



TV distortion 


trapezoid distortion 


upper side 


0.120(%) 


upper side 


0.000(%) 


lower side 


0.206 (%) 


lower side 


0.000 (%) 


left side 


-0.112C%) 


left side 


0.104(%) 


right side 


0.112(%) 


right side 


-0.104(%) 
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Table 6 



TV distortion 


trapezoid distortion 


upper side 


0.118(%) 


upper side 


0.000(%) 


lower side 


0.235 (%) 


lower side 


0.000 (%) 


left side 


-o.iii(%) 


left side 


0:055 (%) 


right side 


0.111 (%) 


right side 


-0.055(%) 
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Table 8 



TV distortion 


trapezoid distortion 


upper side 


0.233 (%) 


upper side 


0.000 (%) 


lower side 


0.361 (%) 


lower side 


0.000 (%) 


left side 


0.119(%) 


left side 


0.384 (%) 


right side 


0.119(%) 


right side 


-0.384 (%) 
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Table 10 



TV distortion 


trapezoid distortion 


upper side 


0.291 (%) 


upper side 


0.000 (%) 


lower side 


0.166(%) 


lower side 


0.000 (%) 


left side 


0.108(%) 


left side 


0.181C%) 


right side 


-O.108(%) 


right side 


-0.181(%) 
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Table 12 



TV distortion 


trapezoid distortion 


upper side 


0.067 (%) 


upper side 


0.000(%) 


lower side 


0.014 (%) 


lower side 


0.000(%) 


left side 


-0.007 (%) 


left side 


0.017 0b j 


right side 


0.007 (%) 


right side 


-0.017(%) 



As discussed in the foregoing, according to the 
5 present invention, it is possible to readily and 
preferably correct distortions including TV 
distortion and trapezoid distortion which are likely 
to occur when a light beam is two-dimensionally 
deflected and scanned to form a two-dimensional image. 

10 Accordingly, it is possible to provide a two- 
dimensional scanning apparatus and a scanning image 
displaying apparatus capable of displaying an image 
with a small distortion and a high quality. 

Further, according to the present invention, it 

15 is possible to preferably correct TV distortion and 
trapezoid distortion by tilting and/or shifting an 
optical element (for example, a spherical lens) 
without any reflecting surface having optical power 
in a scanning optical system. Accordingly, it is 

20. possible to provide a two-dimensional scanning 
apparatus capable of preferably correct the TV 
distortion and the trapezoid distortion, and a 
scanning image displaying apparatus capable of 
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displaying a high-quality image by using the two- 
dimensional scanning apparatus. 

While the present invention has been described 
with reference to what are presently considered to be 
5 the preferred embodiments, it is to be understood 
that the invention is not limited to the disclosed 
embodiments. On the contrary, the invention is 
intended to cover various modifications and 
equivalent arrangements included within the spirit 
10 and scope of the appended claims. The scope of the 
following claims is to be accorded the broadest 
interpretation so as to encompass all such 
modifications and equivalent structures and functions 



